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In presenting tliifi, the sixth volume of n work of whicii 
he is glad to say the higheBt opinions as to ite practical 
utility reach him from numerous sources both at home and 
abroad, the Editor begs to point out as a feature of it, 
notes of the International Maritime Exhibition held at 
Havre in 1868. A visit was paid to this, and the notes 
were, in the majority of instajices, prepared specially dur- 
it. In some departments a few additional notee on the 
greater and more important Exliibition held at Paris 
in 1867 are given, which tead to complete the Bubjects 
which were pretty fully described in last year's volume, 
and to which the Reader's attention is again drawn. The 
present volume, therefore, will, it is believed, not be be- 
hind in practical value those which have preceded it 
In this, as in the case of the other volumes, the Editor 
to acknowledge having received much of the matter 
ich constitutes its pages from the following periodi- 
■Engineering;' "The Engineer;' 'The Mechanica' 
' The English Mechanic ;' ' The "trat^icBi. "^iLe- 
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chanics' Journal;* 'The Civil Engineer and Architec 
Journal ; ' * The Scientific Review ; * ' The Journal of tl 
Society of Arts;* and ' The Scientific American/ To the^ 
as well as to ' The Building News' and the * Builder/ tl 
reader is referred for various important papers, space f 
even the briefest of epitomes of which could not be had 
the present volume 
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ENGINEERING 
FACTS AND FIGURES FOH 1868. 



DIViaiODI FIRST. 

I B01LEK8 AND VESSELS FOR CONTAINING STEAM AND 1 
OTHER FLUIDS UNDER PRESSURE 

i. Seeefit Improvementu in Howard's Patent Safeiij Emler. — In 
last volume) we described tlie Boiler patented and uiamifactured 
bj the Meaara, J. and F. Howard of Budfurd. Since then inipur- 
tiint improvementa have been tnttde in it, to which we beg to ask 
tlie notice of the Reader. As originally introduced and illus- 
trated in last volume, the horizontal tubes were placed trana- 
veraelj, or across the furnace, now they are placed longitudiually, 
and the enife passed through the front of the fnrnace; by whicli 
arrangement special inpans for facilitating the cleaning of thi? 
lubes are now available in the manner illustrated in fi^. 2. 
We shall describe the whole arrangement of the Boiler a.i now 
introduced. As will be seen from the drawings in figs. 1, 2, and 
3, here given, the boiler proper cousista of three " element? " 
of construction — first, a series of tubes a a placed horizontally in 
the fiimaoe k : second, a series placed vertically, sm b b ; and thir<l, 
the internal or circulating tubes, plaeeil within the vertical tubL's, 
aa 1 1, fig. 2. The horizontal tubes are closed at the ends, and 
run longitudinally I'ritm end to end of the furnace, being sui)- 
jKirted at some distance above the flre-grate. On the upper side 
of each tube projecting parts o m tn are cast flat at the ti^, aaJ. 
with circular ajiprturea in ench leadiTig to tbe iwtdiriDv. \\\ *\w 
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In the first stages of experience of thi^ boiler the depont 
formod in the tuheR was "blown off" by means of the longitii- 
dinttl supply tube ; but the necessity for the "blowing off " ia 
now avoided, and " caps " ace now supplied to the east-iron tube^ 
by taking off whicb at intervals they tan be cleaned out. The 
capa are made tight, and capable of withstanding any pressure 
by perfect joints, the whole being tightened up with screw bolts, 
Aa these " capa " are placed outaida the furnace, they ate veiy 
easily got at. 

We now come to the second element of construction — namely, 
tlie vertical tubes which ore supported by the horizontal tiibe& 
Tliese, which are 4 feet 6 inches or 5 feet in length, and 7 
inches in diameter, are of wrought-iron. The lower eud of each 
tube, aa k k (fig. 2), is provided with a metal ring I I 
(fig. 2), this ring being provided with two projecting lugs or 
eara, which have apertures made in them, and the positi 
which corresponds, when the tube is in dlu, with the centre of 
tlio gnn-metal nut p situated in the receBs of ' " 
the horizontal tube. The end of the vertical tube projects a 
little" below the under side of the ring, I I (fig. 2), as shown at 
n n. This end passes into the annular groove made in the upper 
face of the base of the cast-iron tube, tis shown in the drawing 
Previous to inserting it, an indestructible elastic ring ia dropped: 
into the annular groove in wliich the end of the tube n n, which 
ia turned fair in the lathe, butta. The whole are secured together 
by inserting bolta (g, fig. 3) in the holes of the rings I I, 
which take in to the gnn-metal nuts p placed in the cbambers, 
in the base o m ra of the horizontal tubes ft h. 

With reference to the strength of tlie rings I I formed upon 
the vertical tubes k k, we have it on the anthority of the editoi 
of the "Engineer," that he has seen a force of more than thirty- 
four tout applied to draw off one of the cast-iron rings fixim tin 
foot of the wrought-iron tube, without in the slightest d^ree 
affecting the integrity of the joint. Dismissing the description 
of the modes of alfeoting the lower junction of the vertical and 
horizontal tubes, we refer the reader to fig. 3, where the method 
of finishing the tops of the vertical tubes is illusfrated. The 
upper end has a solid top of wrought-iron, with reference to tha 
.ring, hslf-mcfa thick, carefully welded to the end of the tub©. 
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Tiiia welding ia one of the nicpst operatinna carried on in l!ie 
Messrs, Hii ward's factory, and requires the exercise of the utmost 
degree of manipuktice skill and watchful care on the part of the 
men employed in cairying it out. Tapped into each end, ia a 
small wrought-iron tube, r r, 1 inch in diameter, connected at its 
upper end to a wrought-iron tube, e t. 2 intheu dinmeter, running 
along the tops nf the tubes, and which conveys the steam to tiie 
main pipe, in which the " stop valve " branch or pipe is cast, and 
which also carries at another point the safety valve. Covering 
in the tops of all the vertical tul>e8 ia a plate — ahown at C t in 
fig. 2, The effect of the arrangement of tubes as now explained 
is such, that almost any contingency is provided for, so far aa the 
f xpansion or contraction of the whole system or any part of it ia 
concerned. Indeed, as a ''flBxiljIe system," so to call it, the 
various members of which have very wide or comparatively wide 
limits of expimaive or contractile movements allowed them, with- 
imt disturbing the integrity, in the slightest possible degree, of 
any one of its parta ; a high position ia claimed for it, a position 
which the inventors believe is taken by no boiler aa yet intro- 
duced. The great stumbling-block in the way of the success 
which other inventors iiave encountered, in constructing a tabu 
louB boiler, haa been the want of a system which allowed of an 
independent expansion and contraction of the various parts. 
Unless adequate provision he made for the action of expansiim 
and contraction, it is impossible to keep the joints tight. In the 
Safety Boiler, this being, aa above stated, fully provided for, abso- 
lute lightness of the joints is required. 

We now come to the third element in the cnnstmotion of thi> 
boiler— namely, the circulating tabes, i i (lig. 2), with which the 
vertical tubes k k (fig. 3) are provided, and which perform highly- 
important offices in the economy of its operation. In the lirst 
lioiler made, the system com pre bended the arrangementB only so 
far as wo have above described ; but, although the heat was 
readily absorbed in the syatem of tubes when fi.lled up to the 
normal level with water, still an amount of deposit was obaerveil 
which it was deemed advisable to get rid of; and furtlier, a loss 
of heat arising from the tendency of the steam to "cling in 
layers" to the interior of the tubes. Hence the addition of the 
jntemol tubes. Each tuba ia of 8\ich diameteT ft\a^ ^Vwi \^ 
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position tliere is nn annular ring furmed between its estental 
diameter and the insliie diameter of the vertical tuhe fc k, wliilft 
tiitire is, of cnnrae, an internnl column of WRter in the inside <s 
tliB circulating tiilie, as at i i (fig. 2). To admit of tlie free oireo 
lation of tiie ivuter between the annular ring, and oulnmu o 
water, the lower end of the internal circulating tube, which ii 
inside the horizontal tube, is provided with vandykcd or t 
gular openings, and at its upper end with narrow slota. 1 
elots admit of the water entering freely at tha top, m 
what may be the variations of the water level, within 
wide limits. Tlie effect of the arrungement is such, that there i 
a perfect and complete circulation establtslied between the iniu 
column of water in the circulating tnbeti i ?', and the external c 
annular ring of water surrounding them, as illustrated in fig, i 
We hive already alla<led to tha mode by which the horiambi 
tabes are cleaned out, by the addition of "caps" to their c 
enda One of these is illustrated in fig, 2. at g g. On tb 
inner face of this an sonulEU' groove is made, into which s 
elastic joint is placed ; this butts against the end e e of the colla 
or short tube d d, the otlier end of which goes into a groove « j 
in the face m m, of the end nf the horizontal tube A A. 
" caps " g, tube rf d, are secured to the tube m nt, and perfee 
joints made by the bolts / /. 

2. As a superheater Howard's Boiler is also favourably knowH 
and possesses features of great valoe. On this subject generally 
and with special reference to this boiler, we take from a pamphle 
recently issued by tlie Messrs. Howard the following remarks r— 
" If the reader will turn to the drawing in fig. 1, he will see tha 
the upper part c c of the vertical tubes which contain ateau 
alone are subjected to the radiated heat of the upper chambei 
formed by the plate d d resting upon the bearers e e — see bIbi 
a a, b b, fig. 2 — and also to the beat of the currents of gaaui 
they pass through this chamber to the chimney flue; the 1 
which is thus passed to the steam effectually dries b 
lieata it, and thus, amongst other advantiiges, obviates the e 
ui priming, whicli is such a. source of loss and trouble in tb 
ordinary form of boilers. Some still maintain that no advao 
tages are derivable from the use of superheated steam, aSbrd 
L itig an instance of how long it sometimes takes for a c 
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[iiinciple to be universally received and aoknowleilgwd. Mueli 
i-if the prejiidiee tbal exisls has, doubtless, ariseu from sanguinis 
experimentei^ having carried the principle of superb eating niucli 
further than it was either desirable or econoniicaL True it is, 
that we know oomparatively little as to how suporhealed steam, 
when ui^ed in a steam engine, brings about the economy, which 
it aesurtdly does, in its working ; but because we do not know 
Fig. 3. 




% or iDBch, or, indee ! Uic why of the aucaesB of 

its use, we should nu 1 1 ic d ui it; Uut tins aucceaa does not 
exist than we should decide that because \ve know nothing as tn 
what electnaty, for example, la, we tliould decide that it is of 
no value Superheated steam, ami the \a!ue of it, is by no 
)W thing, OS will be seen from llie following brief his- 
d notes respecting it, winch may not he out o{ \|^tiC'^ ^iKn.. 
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So early aa tlie year 1803, a Mr. Thomne Saint took nutapl- 
tent for a aelf-ftcting valve, which, when tha steam from ^e 
}iDiler fell btilaw the atmosphenc pi'easure, opened and admitted 
the heated gases from the fumace to rise with the steam and 
raise its pressure. It is ueceasarj here to explain that this 
waa in the early history of ateam boilers, when they were worked 
at piesfiareB below, or but slightly above, that of the atmosplien> 
Although scarcely a superheating apparatus, still it may be looked 
upon as the pioneer of all those patents — and they 
numerous — which have been taken out since. In 18 
Engliah patented an apparatus, coniiisting of tubes w1 
heated, and through which the steam passed, the object be 
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creased effect in the cylinder. In 1830, the ^v ell known en- 
gineer Trevithick, to obtain the same advantage, heated the cyl- 
inder by means of a separate fire, which not only prevented 
condensation within and radiation from the cylinder, butauper 
heated the steam, But it waa about or at the same period that 
tliu principle received the greatest attention, if not the moat de- 
cided impulse, by the researches and resulting patented 
rangements of a Dr. Haycroft, which, although embodying sc 
erroneous ideas or statements, nevertheless were of great value; 
no much so, that many subsequent patents showed how much 
those who took them out had been indebted to, or inflaenced 
by, the reaeatches of the doclar. One great advantage which, ii 
now thoroughly acknowledged by competent modern authorities, 
pointed out by Dr. Haycroft, was the prevention of oondenBS' 
tion of the steam in the cylinder, ' which, by subsequent evapora- 
tion, occasions an abstraction of beat and a consequent waste at 
steam.' We may here note in illustration of this, that from eveiy 
unit of iieat thus condensed, there are lust no fewer than ou« 
thousand units of heat which have been derived from the 
If superheated steam was placed under the same circumstanoeS 
it might be made to lose all its added or extra heat, and yet 
not be condensed, that ia, it would still retain the form of steam, 
Vitrioua attempts were made after this period to introduce super 
heating apparatus, which were more or less successful, but ont; 
so far successful, aiter all, that they served little practical por- 
pose than merely to keep tha subject alive and prevent it 
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fairly dying out In 1847 the anbject received again a freah 
impulse, and in that year Mr. Moses Poole took out a patent, by 
which he proposed to remedy one of the defects of previoue plans, 
in which superheated steam of a very high temperature wiw 
uued, and which was found to bum the packing with which it 
came in contact. This he proposed to do by a method of 
mixing highly superheated stiuim with a small portion of ordinary 
saturated steam. This, some years afterwards, was re-patented, 
and caused no small excitement in the engineering world. The 
above disadvantage of superheated steam is got rid of in ordi- 
nary working by only using steam not heated to a great degree, 
and yet i-ufficiently to realize a great economy in working. 
Thus, if to steam at 50 lb. in the inch, and possessing a tem- 
perature of 301 deg. Fah., beat be added to raise the temperature 
to 400 deg., this temperature will not be so high as to injure 
packing or the cylinder with which it comes in contact ; yet it 
wiU b« so far beueiicial aa to increase its volume or pressure 30 
per cent. This economy was soon, noticed by observant engi- 
neers, and the value of superheating of steam was pretty uni- 
versally acknowledged But, as we have already said, that there 
are those who, because all the phenomena attendant upon its use 
are not easily, or at all, explainable, come to the decision that there 
is no practical advautage obtained by its use. To eucb, should 
any be amongst our readers, the following considerations may bo 
of some value. Apart altogether &om other considerations, and 
to some of which we have already alluded, it is obvious that by 
uriug even a smaller degree of heat we can change steam from 
tlie saturated condition in which we know positively that it 
often exists, and in which it auts as the vehicle to citrry over 
to the engine a certain portion of water, to that in which at all 
events, it may be dry, and thus be used in the steam engine 
as steum only, and not as partly sticnm and partly watur, as in 
iLe other case it is. Every practica.1 man knows the evils attend- 
ant upon ' priming,' which are brought into csistence by using 
steam in its saturated condition. Now, in all cases where tlie 
steam does carry over water to the engine, which, even in the 
best constructed ordinary boilers, is done to a much larger extent 
than is generally supposed or may be admitted, it must be ob- 
vious that although the water thus carried ovec taV^oa wwji "hvVXv 
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mucli heat, which heat ia espeusive, it cannot be used as 
rce of power ; it must lower the fore*. The advantages, 
then, of drying thie ateam — in other words, of superheating it — 
must he obTioua ; we get rid, on the one liand, of the water 
heated at an expense which ia not in any way returned in m 
ful effect, luid we, on the other, conveit it into an elastic ■% 
pour, and raiae it in temperature, so that it will not he condensed 
in the working parts of the engine. In this direction, and in 
this alone, if alone used, the superheating of steam ia of great 
value. But another advantage flowa from the uae of anper- 
heated steam, and this where an engine is worked on the 
pension principle, for it is obvioua that the highest degree of 
economy arising from the n^e of this principle cannot he realized, 
where saturated steam is employed, for every degree of condensa- 
tion is just a loss of expansion. Thia is not the place to enter 
further into the discussion of this important department of steam 
economy ; suihce it to say, that according to the most distiu- 
guiahed authoritiea, a aaving of fuel reHulta from the use of super- 
heated steam to the extent of from 20 to 30 per cent. ; but if 
a less saviiig even than, this he effected by its use, the principle 
will still he worthy of genei^ adoption, and this when the steam 
is superheated only to that degree which will bring it up to the 
temperature of the ateam employed in locomotives working at 1 
lb. to the inch, and which iuttodnces no objectionable feature in 
working. Hitherto the great objection to the plana proposed, by 
which the superheating was effected, arose from the circumstance 
that apecial and separate forma of apparatus were required, i 
vulviug extra coat and much labour in keeping them in repair ; 
but in the Safuty Boiler all the.se objections are obviated from the 
peculiar construction of the boiler, in which the means are present 
of superheating the eteam, and this without involving any cost 
either in making or in working. We do not deem it necessai; 
to say more upon the other advantages possessed by the Safetyi 
Boiler, namely, the entire absence of eeams and riveited jointg, iht\ 
ubaence of leaky joints, or the economi/ "/ it» cost, for on these n 
have already given what we deem essential, and the consideration.1 
of what was given in describing the construction will make them 
iftll Buffioiently obvious to the practical reader.'' 

3. Wood's Improved Meth.U nf FUtin'j Boiler Tabes.— 
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Jfiisiug," Kai'B tlie ' Mechanics' Magaziue," " crosw or diagonal 
'tubes in the flues nf sleam hollers, great diilicalty is esperieiiceJ 
ill getting them to their places, more particularly when the flues 
are finished and tixed in their places in the boilers, and it ia often 
found absolutely impassible to take them unt whole or to pnl 
aiew ones in a boiler which is completeil or has been working 
vithout taking out the flues or using packing to make up the 
liitigtii of the cross or diagonal tubes, which latter method is ob 
"yioufily very objectionable, and entails difficulty in making the 
^LmuIs of the croDs or diagonal tabes properly tight. By the adop- 
^Bhm of the system we ai« about to describe, all these difficulties 
fFv^S b<i obviated, as the cross or diagonal tubes may be readily 
' Sxed in the flue or fire-bon of any boiler, whether vertical or 
otherwise, after such boiler be completed, or even when fixed on 
its seat ready for working without altering any part of its present 
construction or taking any part of it to pieces. This system liaa 
been patented by Messrs. Wood, of the Don Boiler Works, Shef- 
field, and is illustrated in the annexed engraving, in which fig. 4 
ahuwa a side elevation, and tii,'. 5 a longitudinal section of a flue 





a IB the water flue tube, having a flange & 6 at either 

, serving to connect tlie eaine to the boiler flue or fire-box. 

e ends d c of the tube, instead of being at right angles thereto, 

are made at an oblique angle to the centre line of the tube. In 

this manner the tube, when placed in the flue, will be in such 

position that a line d d, drawn through its centre from the edge 

^^f one flange to the opposite edge of the other Hiange, wiU be at 

^■Rnat a right angle to the centre line e e of ftve\»i^ei %&.« J,<n 



va 



ENGINEERING TXCTH. 



[Div. I. 



I 



Blightly inclining thereto, in the same direction an the croea or 
diagoDftl tube. Tubes fitted in tliia manner posseBs the advan- 
tage of being readily passed into the flue, and of being tiserf 
or removed at any time for the insertion of new tubes, without 
interfering with the flues in ■which they are placed whatever the 
kind of holler in which they are applied, W« hear that these 
tuhea have been applied to several boilers now at work, ami wliich 
are giving every sat if^faction. All the Cornish boilers now made 
by Mesara. Wood are fitted with them, three large boilers with 
thirty-four tubes having just h&en completed for one firm. With- 
in the last three months the^ have been applied to five-and- 
twenty new boilers. The boilers fitted with the patent tubes 
and at work are repoited to be effecting a saving of from 25 to 
40 per cent, on the amount of coal required for the boilers 
they have replaced. In fact, thia appears to be a most success- 
ful invention, and is one well woithy the attention of all steam 
power users." 

4. Parson's Steam Boiler Oraiils Setting. — We are indebted 
to the patentee foi the followinij communication : — The leve- 
lationa brought to light by the Manchester Association for the 
preTention of boiler exploHious, and the frequent I'eports in our 
journals, have led me to devise a plan for the better inspec- 
tion of boilers of the ' Corniah ' and ' Egg-end ' types. Fmtn 
my experience with a large number of boilers, I have found 
it almost impossible from internal inspection to detect leakages 
ariBing from cracks in angle iron, plates, and seams, and I have 
frequently been surprised to discover, on removing the brick- 
work, that parts of the boiler plates have been in the last stage 
of corroaion, and their resisting power reduced to the minimum, 
and this arising from the seams leaking, and being in contact 
with bricks and hme, defying detection withont incurring the 
serious loss of removing the boiler. 

At the first instance, could theae have lieen detected, a few 
blows from the boiler-mafcer'a caulking tools would have been 
au effirctual remedy. We find, from the able work published 
by Mr. Fairhaim of Manchester, and the reports of Messrs. 
Loiigridga & Fowler, that boilers at present in use are ever 
likely to become a source of danger without a frequent and 
thoroagb examination of all tlieir parts exposed to the action 
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of tlis £m From tLia it is clear tliat tu leaaeu the source of 
danger arising from boilers continually undergoing alteniationa of 
temperature, that a principle of setting boilera that would give 
unreatricted freedom of inspection of bU the partd without in- 
eurring the expense of pulling down the brickwork, eo that 
a few hours' notice engineers, masters, or inspector^ 
aid avail tbemselves of Hitch a facilit.r, would be a boon widelj 
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It has been generally understood thut in boiler aetting the 
capacity of the Hues around the beating sutince uf tlie boilsr 
is reatricted to the moat contracted limits, and to such an 
extent has this boon carried to keep the products in close oon- 
tact with the tubes and aliells of boilers, that the Bectiimal area 
of such flues has prevented the chimney from displacing any- 
thing like the product of the area of the fire-grate. Now, as 
:here are such able treatises written bv some of our most eminent 
mgineers and chemists upon combustion, it would be out of 
place for me to enter into the chemistry of the combustion of 
[ coala, bat I will content myself by stating it as my belief — from 

! results I have obtained— that the contracted flue system 
must baye been, and is, a waste^ful source of heat asobtiiiiieil irom 
boiler fires. 

Eeferring to the sketch in figs. 6 and 7, it will be seen that 
a Cornish boiler is pkced in a rectangular chamber, consisting 
of three walls, forming two along the sides, and a back wall, sunk 
below the surface of the ground to the depth of five feet, having 
a width larger than the diameter of the boiler from C to 9 inches 
each side, near the back part 2 feet 6 inches longer than the 
boiler, or in some instances 3 f«et. A cast-iron girder spans the 
opening, and is seenrely built in the side walls, forming a key 
n arch which springs from the back wall, and forming a 
quadiiiut b to the cast-iron girder of fire-bricks. At intervals 
along these walls, rising from tbe foundation, are brick piers a a, 
suitable in division for the length of the boiler to be set, and 
rising to the level of the surface. On these pillars are placed 
cast-iron frames c c, with inverted tops curved to the shape or 
diameter of the boiier, and made suitable to receive cast-iron rolls 
These are built on the side walls at equal distances, and 
upon these ci'adles and rollers the boiler is rolled on, and brought 
within half-au-inch or so from the cast-iron girder spanning the 
wall at the back, to allow for any exps^nsioii tliat may take place 
in the boiler. The front end, then, is brought level, and is thfi 
same length as tbe side walls, leaving a space, as before said, of 
6 or 9 inches of its diameter on each side. The sides of the fur- 
nace continue upwards to the level of the top of the boiler, and 
a space is thus left from the centre of the bnilej, gradually in- 
ereaaiag to the circle of the boiler, and is covered, as sbowu, at 
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Thus, the boili^r lies virtually in a hot-air chamber, or oven, // 
fig. 6, and only in contact with the brick -work of the covering of 
bricks of the eide flues, and the iilling in of the apace at the front 
ofthe boiler with 4^ inches of brick Now, at the first view taken 
of such a modt) of setting boilers, it seems highlj' objectionable and 
dangerous. The objection seems to arise from the 3-feet space 
receiving the fire as it passes from the tube at the back of the 
lnjiler, and then liaving a laj^ square recess, 5 feet deep, under the 
whole length of the boiler, and continuing up on botli aides 
nearly to its whole diameter. And here another objectionable 
feature sspma to amount even to a danger, from the fact of 
the side flues being carried up so high above the water level, 
and in some instances envelojiing by an arch the whole top of 
tliB boiler. But a careful consideration of what takes place 
when the products of the fire issue from the internal tube, and 
are directed by coming in contact with the quadrant ani, b, 
fig. 7, at the back of the boil-er, to sweep along the bottom of 
the boiler occupying the large space, will ahow that the arrange- 
ment allows the heated ajr and flame to be absorbed by the 
boQer and briciwork forming the oven, and then, in a subdued 
state, to radiate up each side of the boiler to the top ])art of the 
flue along each side of the boiler. Now, from this explanation 
of the action of the flame and heated gases, this mode of setting 
prevents the impinging action from taking place upon any par 
ticular part of the boiler, and the laige expanding chamber per- 
mits the heat to be gradually diffused by a properly regulated 
exit through the damper immediately at the front of the boiler. 
And as in the old ' wheel draught ' principle, the flremau can 
increase the make of steam by partially closing the dampen 
after having obtained a clear, bright fire; and by simply attend- 
ing to this a saving of fuel is now being obtained of 30 per 
cent. Now, as to the advantEiges of this mode of setting the 
boiler, there is no one part of the shell of the boiler acted upon 
by the lire in one plane more than another, this giving great 
facility for a regular expansion, the want of which ia more injn- 
rions than is generally admitted This freedom to expand and 
contract ia an advantage well worthy of attention. The rollers 
and cradles form also such a rigid seat to preserve the boiler 
iir a traa borizontal position without the possibility of being 



itrained by the giving way of the brickwork, which is a frequent 
siinrce of started rivets. Should theae occur, which is often the 
'^ase with large boilers, by a manbole left in the back arch, the 
iiigineer, fireman, or inspector, can enter the chamber be- 
neath, where the Beams can be examined aiid caulked, or new 
vivets pat in, and repairs done to the extent of an entire new 
tijate, without causing one brick to be removed. This has been 
iiccomplifihed in several instances. 

Now, with regard to the collapsing of tubes, I have also en- 
deaTonred to place at the disposal of persons using this class 
of boilers an additional security, From the experiments pub- 
lished by William Fairbaim, C.K, F.RS., on the resistance of 
tubes to collapse, arose his recommendation to place round the 
tabe a strong, or T iron, at interralB, to divide it into three or 
four parts, as the case may be ; now, acting upon this, and 
knowing its efBcienoy when properly done, I have discovered 
that by placing cast-iron rings whose section is 5 to 6 inches 
square at equal distances along the inside of tube, with project- 
ing ribs to keep them from hearing direct upon the shell, to al- 
low the fire to pass between them and the plate with a space 
i)f 1^ or 2 inches, the tube will be preserved in its cylindric 
fonn, and its resistaace to collapse will be increased equal to the 
shell of a boiler with a tube in proportion to its diameter. This 
gives great strength with economy. The ready mode by which it 
can be applied to all boilers by simply removing the fire bars, 
and admitting the rings direct into the tube, is also another ad- 
vantf^ at least. The good results obtained by applying this 
principle to over 50 boilers, seem to indicate a great step in 
ailvance, and if not preventing altogether, considerably lessening 
the accidents to boilers from collapsing of tubes. There is, more- 
over, a alight advantage in having three or foar cast-iron rings at 
ft red heat in contact witli the boiler plates. 

Now the next source of danger that is universally acknow- 
ledged by all our eminent men is, the inability of many safety- 
valves to perform their functions. Safety-valves have too fre- 
quently to perform the office of discharging a volume of steam 
'itider certain circumstances which are really denied to them. 
I'hey are constructed so that they have not a sufficient o^w^'fe 
'1 outlet for the ateam brought into existence \)"j ftvft «o.i.\'s\i 
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g of the engine. Now from witnessing year after year th 
hundred oecurrencea under my immediate notice of the safety 
valves failing to perform their ofhce (unaided) in a safe and pro 
pec manner, without incieasiag the pressure (in some instances 
surplus load of 8 to 9 lbs.), I was led to look for some meat 
where this could be efficiently prevented, by making a safety 
valve that should be capable, without the least liabiJity of d» 
raiigement, to discharge with unfailing accuracy the whole capa 
city of steam, as fast as it is generated by the boiler fire, 
when urged to its greatest capacity, and that the only outle 
should be through the opening provided by the aafety-valvt 
Pig. 8 illustrates the improvement that I have effected ia safety 

Fig. 8. 
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valves, which I think accomplishes much that has long been 
sought after. The valve a, fig. 8, covers the orifice by a spherical 
face b, and is confined in a scroU-like form in section c c, extend 
ing over the flanges projecting from the body of the valve, 
leaving a vaulted-like recess from 3 to 3 inches encircling tho 
whole of the valve and outwards to tho angle of CO", which, meet- 
ing, would form a cone above the centre of the valve. It will 
be seen from the annexed sketch in fig. -8 that this valve is kept 
in contact with a very small surface of the seating, by weights, 
hanging in the interior part of the dome e, on a spindle passing 
through the valve to a brass nut on the top r; any additional 
weighting is quite impossible by the person in charge of thi 
^jJer, and the valve cannot stick or be impeded from lifting bj 



g jamtceO, as it simply sits on a knife-like edge. The 
it advantf^ Brigiiig from the vaulted formation of the valve i^, 
it the steam, in isauing betn-een the pninte of the seating, is 
1 downward, and by the shape of the outer edge of the 
rnn being at the angle of 60°, the steam issues forth in the 
shape of a large cone whose base is the dome, and the frustrum 
is the centre of the valva Now the recoil caused by the volume of 
stmospheric air being displaced by the steam pressing downwards, 
will efficiently lift the safety-valve to the requirement of the pro- 
luction of steam in tiie boiler. And so well has this system 
riroved its efficiency, that, in every instance where a safety-valve 
tiju been erected, it has been found invariably to relieve itself 
uocurately to the gauge under trying circumatanceB where, in 
tlie old valve, explosions must have undoubtedly followed. 
The accurate action of this vatve must be seen to be believed. 
i ^DW, acting under the law that causes the sky rocket to ascend, 
I it would almost appear at first sight that the valve, having once 
left its seat, ajid being opened for the outlet of steam, and the 
idditional area caused by the extension of the bent flanges of the 
Tilve, it wonld be impossible for it to return in contact with its 
teat ivithout a serious diminution of the pressure of steam; and 
were it so, it would render the valve useless ; but, to the 
-iirprise of oil parties who hava seen its operation, it invari- 
Jibly returns in contact with its seat in every instance within a 
lb. of loss of pressure from its commencement to blow off. Now 
this is a feature which enables the engineer or inspector to avail 
himself of a recommended course, that is, to cut down the 
pressure of steam when the boiler has been discovered to be 
too weak to continue to work at a pressure. This has been done 
in most instances with safety-valves which have been at the 
option of people by altering the pressure on the valve from ig- 
norance or design, and the consequence has been in many 
instances fatal. After recommending the immediate reducing 
of pressure, the qjjestion by tho proprietor of a steam boiler 
has been how am I to obtain this! when I find the steam 
blowing off from the safety-valve at a pressure varying from 30 
to 50 lbs., and when I have asked, says the proprietor, my 
stoker why the steam is blowing off at 30 Iba. instead ot iSi 
or 60 Jha as the case may be, he tells me that ftiB \!\-J6 > 
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stuck, and it does not come down on its seat properly, or it 
leaking through the Beat being imperfect Now these causes a 
questions have led me, after many trials, to produce this valve, thtd 
will not stick, that wil! not leak in ita seat, nor admit surplus ol 
steam, which cannot be overweighted or reduced in weight eitht 
by ignorance or design,and he coatinuallyunder the control of who 
ever ia in charge, and which can revolve on its seat without tb< 
least escape of steam ; and so perfect is the action of the cup 
ball principle of seating on a very thin edge to preserve a stean 
tight joint, that it has been the remark made by persona in differeni 
worka where this has been applied, that the valve must hav( 
stuck, fi)r they have not seen for a week an appearance of atean 
escaping from the valve. As an instance of this, Mr. Fetiiq 
superintending Engineer of tlie Swansea Vale Railway, in send- 
ing me his testimonial of the two valves be has got in use, ob 
serves that the men say, that wa never have any steam ii 
boilers, only at meal times ; this meaning that the perfection of the 
valve will not allow the steam to escape until the pressure is ac 
curately attained, and then never permits it to get above. A 
he observes in his testimonials to me, I am continually showinj 
parties this valve by stopping the machinery suddenly, and i 
have failed as j;et, by urging the boiler to its fullest extent, 
get the valve to vary at the point of discharging the steam, a: 
in no instances have I found it possible to get a half-pouni 
more, so exactly does it relieve the pressure, 

5. Dvnn'g Boiler for Marine Engines. — In 'Engineering 
for February 14th, 1868, there is an article descriptive of this 
from which we take the following; the article contains mai 
illustrations, for which we refer the reader to the number 
above stated ;— ■" The liregrata is Bituat«d at about the middle 
the height of the boiler, and the roof of the firebox is formed 
seisi-eUiptical plates rivetted together at their edges, so as to pi 
duce a corrugated surface against which the products of combna 
tion impinge. These corrugations are intenijed to give a laige 
heating surface to the firebox, and increase ita strength ; tfa 
also prevent the adhesion of sediment, as the expansion and « 
traction of the plates loosen the scale and allow the wat«r 
have free access to them. Beyond the firegrate is the biidg* 
over vrbich the products of corataa*.w)tt ^ass la t\\6 down fli 



tai tben through the tubes, formiog the multitubular part of tlie 
boiler, and then into a chamber "U'hich communicates b; meauB 
of a flue with the chimney or funnel. Under the bridge are in- 
serted a few short tubes, which admit air into the dunn flue for 
the pnrpoee of igniting the inflammable gases passing over tlit 
bridge, or a regulating damper is employed instead of the tubes. 
The flue near the bridge ia only opened when the fires are just 
ignited, but if owing to the leaking of the vessel the water 
sbould come in and close the lower flue, the upper flue may be 
opened so as to keep the engines going until the water rises in 
tbe vessel sufficiently to extinguiab the tii-es. In another form 
Uie roof of tbe firebox is made of corrugated plates, stayed lon- 
flitudinally and vertically, and the water partitions are placed in 
tbe down flue to absorb a portioQ of the heat from the products 
<jf combustion in passing to the up and down flues, which are 
fcrmad by the water partitions projecting downwards from the 
centrsl portion of the boiler, and tlie other partitions projecting 
upwards from the lower part of the boiler. The chamber and the 
&ueB are similar to those above described. In this boiler tbe 
duter side of the chamber is formed by the water partition, and 
uoBequently all the flues and lower portions of the boiler are 
perfectly water-tight, so that in case of the leaking of the vessel 
tks boiler may be kept in full work until the water rises to the 
level of tbe flre-grate. In both these marine boilers the fire is 
applied near lo the surface of the water ; the ashes and cinders 
are or may be collected in buckets, and the direction of the pro- 
ducts of combustion is indicated ty tlie ai-rows," 

6. From the some Journal we take the description of thu 
" Galloway-Field " Boiler at Saltaire, as constructed by Messrs. 
Galloway of Manchester. "This boiler has been deaiguedby Mr. 
George Salt, and, besides including a combination of tbe 'Gal- 
loway' and 'Field' tubes, it embraces several new features both 
of arrangement and details. Tho boiler is of a cylindrical form, 
and it ia 8 ft. in diameter by 1 1 ft. high. It contains a cyl- 
indrical fire-box 7 ft. high by 7 ft 3 ia in diameter at the 
bottom, and from the crown of this fire-box to the crown of 
the external casing there extend nineteen ' Galloway ' tubes 
10 in. in diameter at their upper, and 6 in. in diameter at their 
lower ends. From the crown of the fire-box, also, there hang 



^73 ' Fielii ' tubes, each 3 ft 6 in. long by S^ iii. in diameter, 
aud amongst these there are disposed nineteen ' hall bafflers.' 
These ' ball bafflers ' are of cast-iron, and they are each 9 in. in 
diameter. Each sphere is connected with the water space at 
the sides of the fire-box, and with that above the crown, by a 
pair of pipes, these pipes being of wrought-iron, and being fixed 
with screwed ferrules. l"he thioknessea of the plates of which the 
boiler is composed are as foUo-ws ; — Smoko-box tube plat*, § in. ; 
fire-box tube plate, | in. ; shell of boiler, J in. ; shell of fire-box, 
^ in. All the rivet boles in the boiler are driUed, and the longi- 
tudinal seama are double riveted. The fire-box stays are of iron, 
and are screwed in and riveted over. The fire-box tube plate 
was rolled in one, hut the top plate of the boiler had to be 
made in two pieces and welded together, it being impossible to 
obtain a single plate of the required size. The fire-grate surface 
is 4r37 square ft., and the fuel is supplied through two fire- 
hole doors, 20 in. wide, placed opposite eaoii other. Sixteen 
tubes, 2j ill. in diameter, through which air can be injected by 
steam jets, are provided for the consumption of smoke, and 
besides the safety-valves and UHual fittings, the boiler is pro- 
vided with six blow-off cocks. Tlie boiler is mounted on three 
uast-iron standards, and is completely free from all brickwork, 
being merely connected with the chimnyy by a short wrought- 
iron flue. The boiler is intended to work at a pressure of 80 lb. 
per square in., and it has been tested up to a pressure of 150 lb, 
"We have no doubt that the arrangement adopted in this boiler 
will be found a thoroughly efficient one," (For a description of 
the " Field Tubes " see the voL of ' Engineering Facts and Figures 
for 1865; ji. 2, and for 1867, p. 21). 

7. Langlok' Moveable BoHer Tubes. — These tubes were ex- 
hibited at the Havre International Exhibition — held this year 
— and attracted great attention. We take from 'The Engineer" 
of September 4th, 1868, the following description of them: — " 
"The object of the invention is to allow of the removal of tubes 
from time to time in order to cleanse them from the caJcareons 
deposit. This is accomplished by means of collars screwed on to 
the end of the tube, and removable with little difficulty by mi 
of a special key. 

The loss of efficiency cnused by incrustation in ordinary steam 



Mora is said to be from 20 to 25 per cent., and the following 
neulta of experiments made on board ships of the Imperial navy 
K given in support of the statement ; — 
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The inference from this table is that an economy of more than 
tva thousand tone of coal, or 25 per cent, of tlie whole consump- 
tion of the vof^es of the three vessels, would have been saved 
if the apparatus could have been maintained from the jirst in per- 
fect conditioii, and to this must be added the cost of replacement 
of tubes and plates, and of minor repairs rendered due to incrus- 
tation. It must be observed also that the iiuiuber of turns of the 
screw having diminished relatively to the quantity of coal con- 
sumed, there resulted an increased eKpense for crew and material 
due to the augmentation of the time occupied. Experiments 
made with the boilers of fixed engines are said to have yielded 
like results, and therefore the inventor infers that there is a gen- 
eral loss of 35 pet cent, by the fouling of boilers and tubes. 

The accompanying engraving, fig. 9j shows the ends of a tube, 
either of iron, brass, or copper, fised in the two plates of a boiler, 
with the rounded screw-thread and all the details of adjustment 
as now adopted by the inventor after a long course of practical 
experiments. A leaden washer A is interposed between the plate 
of the smoke-box and the adjusting collar of the tube, a small 
gutter being cut in both collar and plate, into which the lead is 
squeezed by means of a powerful key taking into the four notches 
C of the gun metal head brazed on to the tube, la order to pre- 
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vent the ad] esiOE of the tubes hj oiidation the threads 
smeared with z nc mastic, and it has heen found that the tubes 
can he taken out without much difEicnltj after having heen 
uee for two years. The end of the tube bv the fare box is fixed 
b; means of a shghtly conical ring a£ steel or iron nliich is tight- 
ened up by means of a circular split wedge, acted upon by a coni- 
cal mandril driven into the central opening. The difference be- 
tween the outer diameter of the tube ami the diameter of the 
threaded hole in the plate of the smoke- box is about a quarter of 
an inch, ao that a tube covered with incrustation the eighth of 
an inch thick all round can. easily be removed, and of course when 
all the tubes are taken out the cleaning of the interior of the 
boiler is a compamtively easy matter. 

As cost is a very important question in such a practical mat- 
ter as this, we may say that the expense of fitting the tubes 
according to M. Lajiglois' system — including the gun metal caps 
and everything else, with the exception of the tubes themselves 
— is stated to vary from 83. 4d. fur a liin. tube to £1 fis. " 
for one of 4|in., the expense being the sauju whether the toiler 
be new or old, and whether the work be done in a constraotion 
shop, on board ship, or elsewhere. 

The inventor ftimishes a boat of testimonials from officers and 
engineara of the Imperial navy, declaring that tubes thus fixed are 
perfectly staunch, and that tha time occupied in removing a tube 



: <i'.-< not a\'erage more tbon five miDutes. The general adoption 
"I Laugloia' tubes in the Imperial navy was preceded by the 
[iivoarable repoFt of a special commiasion appointed to examine 
ud ezpenment upon tlie boilers of the steam despatch boat Faou, 
afbei the moveable tubes had been in use for fourteen montliB." 

8. Keesen't Marine Boilers. — M. Keeeen also exhibited at 
Havre his patented annngement for enabling the tubes of marine 
bailers to be cleaned from tbedepnsits, or saline incrnatationB, vrhicli 
gHther upon them. In place of having the end plates of the boiler 
ofotte piece, or rather solid, M. Keasen miLkes in each end rectangu- 
lar openiaga, shown by the dotted lines ; these are placed diaguit- 

Fig. in. 




ally, as 

outer ei 
curved 
braced. 



shown in fig. 10,and of size sufficient to allow a man to 
isily. Tliese openings are covered with plates, made with 
edges, which admit of the ends of the tubes being em- 
shown infig. 10. The tubes are fixed upon a plate which 
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' lies flat on the feee of the hoiler plate at the smoke-box, and is 
cured by twelve Borew-bolts and nuts, as shown at a, in fi(^ 
The oriiice iu the emoke-hox, and of the boiler, is made Bnffi- 
ciently large to admit of the plate which closes the rectangular 
opening made in the fire-bos end of the boiler to pass easily ii 
This eocond plate is fixed upon the other end of the tubes, and 
rests upon the interior of the boiler-plate at the fire-box end ; the 
two plates are eecured together by three long bolts, which pose 
through the interior of the boiler, the ends of which are shown 
at I 2 3 in fig. 10, and which pass through holes in the centre 
of the fire-box end plate, and are carried by transverse bars III, 
fig. 9, bolted to the outside of the boiler-plate at the fire-box 
end ; the ends of the bolts pass through holes in these bars, and 
are tightly screwed. By unscrewing the twelve nuts in the plate 
A, fig. 9, and the three nuts outside the transverse bars III, 
at the fire-box end, the tubes — eight in number in the drawing 
— carried by the plate A A, can be moved forward sufficiently 
Fig. 11. 
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plate A at the smoke-box end is outaide the boiler plate, and' 
the plate I I I in the inside of the fire-box boiler plate, th* 
pressure is eqijalizud. 

9. Holt's Marble Boihr. — This boiler — which was also ax- 
hihited at Havre — we illustrate in fig. 10. It is the iuventaon 
of Mr. Holt, engineer, of Tiieste, Austria, and the peculiar!^ 
oonsiats in the way in which a very extended heating surface 
ia obtained by means of the part a a, an enlarged vie' 
which is shown in fig. 12. The inventor claims for this ar- 
rangement of flat heating tubea a saving of space or size equal to 
one-third as compared with ordinarj' boilers, a perfect and rapid 
circulation, and a consequent freedom from incrustation and de- 
posit in the boiler, and a much larger amount of heating suifaea ; 
as, for example, in two boilers, each ten feet in length, in one 
made on the ordinary Cornish system, there are only 720 square 
feet of beating surface as against 5,720 feet obtained in the boiler 
made on the improved system ; an ordinary vertical boiler has 
200 square feet of heating surface, and on the improved ayst«m 
800 feet. 

1 0. Oast-Meel Boilers. — " The use of steel,"' says the ' Scientific 
American,' " in the manuikcture of steam boilers is of com- 
paratively recent date, and tba relative advantages, if any, < 
ordinary iron boilers, except on the score of tlieir less weight, baa 
hardly yet heeu satisfactorily determined. We have before t 
perhaps the latest information bearing on tliis subject, being the 
results of an important series of experiments made recently at the 
rolling mills of Messrs. Funk & Elbers, of Hagan, Prussia, for 
the purpose of ascertaining the respective evaporating power of 
the new compared with the old style of boiler. 

The two boilers experimented with were each five feet i 
diameter, and thii'ty-fonr feet long, constructed to stand five 
atmospheres 'over' pressure. One was made of wrought i 
and the otber of soft cast-steeL The thickness of the sidei 
the cylindrical portions of the iron boiler was 0'60 of an inch, 
and of the cast-steel boiler 0'33 of an inch. Each boiler had a 
heating surface of 293 square feet, and twelve square feet of 
surfitce. Both were new, and had nover been before heated. 



a.] CAST-BTEEr. BOILERS- 

let alike in brickwork, one above I 
ted by masonry; the gaseons products of enmbaation 
i throQgb A single flue undeineuth each boiler, and passed 
'Y into the aarae chimney. At first both boilers wuns filled, 
es were kept under thoro for several days in order to ilry 
"ip brickwork, after which the fires were extinguished and tlv 
i'ilera emptied and cleaned. Each boiler then received exactly 
il2 cubic feet of water at 95° FaK temperature ; the man-holes 
«i're closed, acd the water was heated to the boiling point ; again 
"lui fires were put oat, and all the ashes and coals taken away. 
From this point the boilera were fired afresh, and fed with* 
■ffighed fuel; the man-holes, hitherto kept closed, were now 
tipened to let the steam escape ; and the firing was so well 
Kgnlated, hy means of dampers, that the velocity of the escaping' 
ileam — mtasured hy List's Velocimeter — was the same in each 
^■■leT. The temperatui-e of the gases from the fire was measured, 
Hfe point six feet from the rear en-d of each boiler, by Gauntlett's 
^premeter, and found to vary from 644° to 734° Fah. 
E&fter consDming on each grate 3,150 ponnda of coal of th» 
same quality, the cinders of which were burned over and over 
again, the fires were put out, and the man-holes closed. On the 
following day the remaining water of the boilers, showing a tem- 
perature of 95°, was let oat through the emptying tube, situated 
at the lowest part of the boiler, and measured by means of a 
hydrometer adapted to the tube. The iron boiler showed 387 
cubic feet, and the steel boiler 331 cubic feet of the remaining 
feed water. Therefore the water evaporated in the iron boiler 
was 712—387—325 cubic feet, or 20,066 pounds; and that 
evaporated in the steel boUer was 71 2— 331 — 381 cubic feet, or 
23,523 pounds Hence the evaporating eapacity was proved to 
be 17'20 per cent, in favour of the steel boiler. One pound of 
coal evaporated in the iron boiler 6,350 pounds of water, and 
the steel boiler 7,467 pounds of water at 212° Fah. 

At the next trial the whole operation was performed in the 

er, only the velocity of the eaeaping steam was less. 

suited in showing 19"62 per cent, in favour of the steel 

One pound of coal evaporated in the iron boiler fi,809 

i, and in the steel boiler 7,008 pounds of water. 

H two experiments were verified in V 
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To an equal quantity of feed water in each boiler an equal volume 
of a strong solution of salt was added. After stining the vater 
for some tim;^, by means of long poles, and boiling it with closed! 
man-holes, samples were taken out for future analysis. In com-^ 
pleting this experiment in which equal quantities of fuel 'and 
water were uaeii, further samples were taken out The analysis 
of the samples by Dr. List, of Hagan, showed that in the iron 
boiler one quart of water contained before evaporation 4,639 
grammes of chloride of sodium, and after, S,985 ; in the steel 
boiler one quart contained 4,371 grammes before, and 7,385 
'grammes of salt after evaporation; the iron boiler lost 337G 
quarts, and the steel boiler 4{>'81 quarts of water, showing 20"86 
per cent, in favour of the lattcT. The average percentage of these 
three experiments is 19'24 per cent, in favour of the steel boiler, 
which it will be noted had a shell 33 per cent, thinner than that 
of the wronght-iron boiler." 

11. DauUe-Flued Cominh BoUer, Conntrmteil by Messrs. Uiek, 
Bargreaves and Co., Bolton, of Steel Plates Manufactured by tkt 
£ollim Steel and Irm Co. — iFrom ' Sngiusering ' of May 29t1i, 
1868, we take the following description of this; — "We giva 
above a perspective view (not here inserteci) of one uf a. set of 
double-flued Cornish boilers, 30 ft. long by 7 ft. in diameter, now 
being made by Messrs. Hick, Hargreave, and Co., of Eolton. 
These boDers are being constructed entirely of mild carbonized 
steel plates, manufactured by the Bolton Iron and Steel Com- 
pany, and there are many points about them worthy of the 
attention of those interested in the application of steel to boiler- 
making. In the first place, notwithstanding the size of the 
boilers, each ring is formed of one plate only, there being but 
one joint, and that being placed above the water-line, and also 
above the brick setting, so as to be always open to inspection. 
The longitudinal seams of the rings are disposed alternately on 
opposite sides of the centre Una, as shown in the engraving, so that 
they break joint. Tlie shell plates are f in., and the end plates, 
i in. thick, the boilers being intended to be worked at a pressure 
of 601b. per square inch. The rivets used are all made of a 
specially prepared eteel, and the rivet holes are punched, the 
plates being annealed after punching In punching the plates, 
/lunches are used with plenty of clearance in the die, the result 



'Lig tbat the holes are considerably coned, or of a deep couuter- 
:.ik form. The rivets are of a taper form, so that they fit the 
'Mil holes properly, their diameter being I- in. at the BmaliesC 
;i-t, and they being disposed in double rows at a pitch of 1 1 iiL, 
ill all directions. Mr. Henry Sharp, of the Bolton Iron and 
, Steel Company, has esperimcnted npon the effects produced by 
pnncfaing steel-plates with punches haying different amounts of 
clearaoce in the die, and he has found that considerable benetit 
results from making this clearance targe. In the course of the 
paper lately read by him before the Institution of Naval Archi- 
!ects, he referred to these experiments, and, although we give this 
paper in full in our number for April 3 last, ire may repeat the 
principal results here. A } in. steel plate was taken and cut in 
two. One piece was then punched across the middle with }^iu. 
holes, the punch and liie used being of the usual proportions, and 
the clearance barely -["jin. ; the other piece was punched with the 
same punch, but thu die had a clearance of A in., the holes 
formed in this latter instance tapering from |J- in. to | in. in 
diftmeter. The pktes were then cut into strips ;md tested, when 
the pieces of plate punched in the ordinary way bore a tensile 
strain of but 26004 tons per square inch, and those punched 
with the tapered holes a strain of 33527 tons per square inch — 
a most important difference. Mr. Sharp also found, during his 
experiments, that the tensile strength of steel plates, ^ in. tliick, 
was deteriorated to the average extent of 38 per cent, by the 
ordinary process of punching, as compared with drillings but 
that by annealing the plates after punching, the original strength 
was entirely oc almost entirely restored. Mr. Slwirp, however, 
does not advocate punching and sahsequent annealing as being 
better than drilling, but ha considers that the former processes 
may frequenly be conveniently subatituted for the tatter without 
there being any fear of bad results. 

".In the boilers which form the special subject of this notice, 
there is a peouUarity about the construction of the fines which 
we must mention here. As in the case of the outer shell, each 
ring of the flues is formed of a single plate, and these rings are 
united by weldless steel hoops of a section somewhat resembling 
a Barlow rail Two of these hoops are shown leaning against 
the flue in the foroground of our engraving. They ate ^axA V^'^- 
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tbick throughout, and from their form they give a certain amount 
of longitudinal elasticity to the flues. The prejudice against tie 
employmetit of steel plates for hoilers is rapidly dying out, and 
it will probably not be long before it disappears altogether. 
There are now large numbers of steel boUera at work in almoat 
all parts of the kingdom, and many of them have now been at 
work some years. The great thing is to select plates of a proper 
quality, and the next is to treat these plates in a proper manner 
in making them up into a boiler. Steel plates undoubtedly to a 
certain extent require different treatment to iron ; but it is now 
pretty well known what this treatment should be, and it is the 
fault of the boilermaker if ho does not avail himself of the ex- 
perience already acquired." 

12. Rules for ilie Strength of Boilers we take from the 
work entitled ' Useful Information for Railway Men,' written 
by Mr. W. G. Hamilton, for the Earaapo Wheel and Foundij 
Company, II. S. " For the cylindrical parts ; — 

To Find the Working Sisam Pressure Due to a giveti Diameter, 
Thicknesg of Plate, and QmUiy of Joint: — Kdlb — Multiplj 
thickness of plate in inches by two, and by the working strength 
of the longitudinal joint in pounds, per square inch, and divide 
by the diameter in inches ; quotient is working steom preeeure in 
pounds, per square inch. 

To Find Tliicknest of Plate, Due to a given Diameter, Quality 
of Joint, and Working Preetu-re : — Multiply the working 
sure in pounds, per square inch, by the diameter in inches, and 
divide the product by the working strength of the longitudinal 
joint in pounds, and by 2. The final quotient is the required 
thickness of plate in inches. 

The ultimate or bursting pressure is iive times the working 
1 pressure. 

[ To Find Working Steam Pressure, Due to a given Diameter 
of Tie-rod, and Area of Segment to be guarded by it: — Divide 
the working strength of the tie-rod in pounds, by the area of the 
aegment in square inches; quotient is working steam pressure 
pounds, per square inch. 

To Find Thirkness of Ptutes nf Stayed Surfaces: — Multiply 
the square root of the pressure in pounds, per square inch, by the 
greatest distance between the stays in inchea, aud by -008 ; pro- 
doct eqaala thicknesB of r' ''^chw. 
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\ ' To Pirui area of Segment, Das to a given Diameter of Tie- 
KJaW Working Preemre: — Diviiie the working strengtli of tlie 
biod in pounds, by the wurking pleasure in pounde, per square 
; quotietit is area of mgmf.nt in square inches. Wr>rkiiiK 
B Strength of best iron rods is Geven-eigLthij inch di»niti- 
8,000 pounds ; one inub diameter, 10,000 pounde ; one and 
M-eiglttb indies diauieter, 13,000 pounds. Deduct teu per 
■Bt tf the rod is reduced by screwing. 

To Piiml Dimeaeioiis of Slay Bolts: — Multiply area supported 
V stay in square inclies, by preseore of steam in pounds ^ler 
^i^uure inch ; the suru divided by 9,000 equals area of stay b'llta 
III square inches, if the slay is thickened out where the screw 't» 
'iiL If the screw is cut out of the body of the stay, divide by 
'i,UUO, Where stays are secured by keys, tha stay at tha i*iid 
Aoalii be one and a quarter diameter of the body of tliu stay. 
|i«pth of cutter, 1'6 diameter cf stay; thickness of uuLter, O'i 
Jiiimeter of stay. 

To Find Working Strength of u Roof-atay (or Crown bar) of 
j:i'En Diinensions, fixed in Hn place: — Multiply thickness of stay 
u the uentie in incUee, by thu sijuare of its duptha at Ibe c»atr« 
io inches, and by 30 ; divide the product by the leugth of tbi- 
spaa in iuches ; quotient is working load in tous equally distri- 
buted, when stay is lixed in its place. 

Sftying Locomotive Boilers. — IHre-Bac Water Spucts: — 
Working pleasure in pounds, per square inch, being one-sixth of 
iiiirstin^ pressure ; stays, ttirue-i^uEurters inch diameter ; copper 
plates, one-half inch thick ; iron do., thrte-eigbths inch thick. 



Copper Copper Bcrewed and riveted 10? 186 

Iron Copper Screwed snd riveted 16l> 260 

Irnli Copper Screwed only 120 imi 

Iron Iron Sorewed imd riveted 18B £90 

For low pressure boilers, at twenty pountia per sqnaie iucli, 
Hat portions should be stayed at intervals of twelve incline 
apart. 

To FUui the Preenure borne by tlie Roof-days {or Cruicn-Barg) 
of a f^re-bux: — Multiply the spati of the roof in inclies, by the 
pitch of the stays in bichen, and by the pteaaMtu m \iQ\vftis, ^■^ 



M ENOIlfBBRING yACTS. 

square incb, auii divide by 2,2i0; tlie product is thol 
uniffintdy distributeJ, borne by each roof-stay, in tana. 

Strength of Boiler Piaten and Joints: — Working strea^l ' 
best boiler plates are : 

YorftaHni plates per square ineh of entire Bection, 11,000 ponndl. 

StaffotdBhite, 

American, 

Americim, ordinary, 

Cast Hteel plates, 



Working Strength of Joint p&r Square Inch of Entin Sectim: 



Scarf welded, joint, 
Double riveted, double wull, 

„ „ lap joint, 
I«Ii, welded joint, 
Double riTcted, single wslt. 
Single rireted lap, 

The strain per unit of length upon transverse circular joint 
la only half of that on lonsitndinal jointa; Jongitiidinal f 
should therefore be the HtrongCBt, and the double riveted douW 
welt joiots should be used for longitudinal joints, and the siiigb 
riveted lap joints for circular s 

Riveting for Boilers. — Table of Dimermime of Hi nets, etc, pi 
Steam Boilerg: 
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For double -riveted joints, add two-thirds of the breadth o 
lap." 



n On t/ie StreTU/th of Boiler«.—{Fiom the 'Snientific 
ui-noan '} " The capacity of boilera to resist rupture by the 
lire of the stRam, and the naequal expansion of the ma- 
il of boilers trom unequal keating, is a subject of very 
kt impnrtaiice, and not generally understood. Some illus- 
inuB and remarka relative thereto will be found below. Any 
L closed at the enda and subjected to au elastic pressure 
w within, will rupture longitudinally with about one-half the 
I rw per ^qua^e inch required to break it transversely. 

For example, a cyhndrical boiler, without tahes or flues, made 
of a single piece of homogeneons iron, one quarter iocli thick, 
"jthout aoams, may be conceived, twenty feet long, aiid thirty-six 
'.i.hes in diameter. For convenience, we will assume that eacli 
'.iiare inch of the iron of the cross aection, and of the lonjfitudiniil 
' i:tinn, on the horizontal plane, has the ability to restrain a force 
linving a tendency to rupture it, equal to fifty thousand pounds. 
The circnmfereiioe of tlie boiler is abuut one hundred and thirteen 
inches, consequently the area of the cross section of the iron has 
ibout twenty-eight square ineheH; it would tharefore require one 
Qiillion four hundred thousand pounds pressure against the headfi 
b pall it apart with a tmnsverse rupture. The whole number 
'jf pounds representing the transverse strength, divided by one 
thousand and seventeen, which is the number of square inches 
area of the heads, against which the steam would press to cause 
the transverse rupture, gives thirteen hundred and saveiity-six 
pounds as the pressure pet square inch against the heoii required 
to break such a boiler in two transveraely. The longitudinal sec- 
tion contains one hundred and thirty-eight square inches uf iron ; 
consequently, it requires six millions nine hundred thousand 
ponnda pressure to break it in two in the longitudinal direction 
The area of the surface against which the ateam would press — 
the boiler being two hundred and forty inches long and thirty- 
aix i)iche:S wide — is eight thousand six hundred and forty square 
inches ; which, used as a divisor for the sum of pounds, repre- 
senting the strength to resist longitudinal rupture, and we have 
seven hundred and ninety-eight pounds per square inch, a? the 
pressure necessary to pull it apart with a longitudinal rupture. 
Whether such a boiler could resist transverse rupture until the 
pressure of the sCeam reached 1,376 lbs, to the inch, a,iA XOTi^gi- 



SS ENOINEEItING FACTS. tm#!l|_ 

tudinal rupture up to 797 lbs, to tlie equate iuoli, is not mater 
to this particular inquiry. It is iiuportant for engineers a 
others to know, that a boiler is nearly twice as strong to ma 
transverae rupture as the longitudinal, because it will be tha 
possible to determine that snme other force than the direct p 
of the steam has beon the cause, when a boiler is found luo^ 
trouBveraely, aud not longittidinally, all other conditions b^ 
equal, as eontemplated herein. If a boiler of the cylindrical fan 
has fl-uee, or tubes, it would inerease the ability to resist tranave 
ruptures, for two reaaoOB. which should be considered: lat. 3 
part of the area of the head covered by the area of ct 
of the flues, or tubes, would have to be deducted in detemiimiq 
the sum of the pressure of the steam against the heads acting tO 
pull the boiler apart transversely; and 2d. The strength of 6 
tubes, or flues, should be added to the strength of the shell, u 
if they were stays between the heads, increasing the ability of th 
boiler to resist rupture trausveraely. Yet, notwitli standing t^ 
important considerations, I do not think there has ever been 
single eaaraple noticed of the longitudinal rnpture of an uprigh 

If the force with which th& tubes would expand, if made hott* 
than the shell, should be considered, or the increased circ 
ference of that part of the shell above the water from the s 
caa^ should be taken ii^to account, in addition to the pressoi 
of the steam, the fixplosicii may be accounted for. 

No class of explosion is more commoii than the rupture 
steam chimneys on the kind of boilers almost universally uaed m 
river and aound boats along the Atlantic coast. I do not be1iev< 
a single case can be remembeied in wbicli a steam chimney k 
been ruptured longitudinally. I have ktiowu of a lai^e nainbei 
which have burst transversely, and leaks in tho transverse seam 
are so common that scarcely one can bo found which does no 
leak. It is not the pressure of the steam whicli is the cause o 
either the leaks, rupture, or explosion, in this part of tho boilen 
But if the force with which the uptake flue expands upward wha 
it is heated to a higher temperature than the ontaide shell, i 
taken into account, in addition to, or even without the preasui 
of the steam, it can be understood why such parts of the boila 
give way when subject to only twenty-tive pounds pressure c 



Bteam, after Ibe waler test has shown them cjpahk of withstand- 
ing fifty pounds. 

It haa been found bj actual experiment that single riveted 
e«aai8 Lave but fifty-seven hundreds of the strength of the iron 
flsEwhere than through the rivet lioles. The ratio of weakness is 
:; .iter than the proportion of the iron, cut out in punctiing the 
ii-^. This is probably due in part tr> the distortion of the iroii 
the punch, immediately about the hole, putting the material 
■i :i state of tension, or strain. The caulking tool also huckleii 
tlie iron and thereby adds to the teoeion ; and the lap of the sheet 
tliTuwa it oat of the line of the tension exerted by tlio pressure of 
' Hie steam, the tendency being to bend the sheet. As all etructures 
ire only aa strong as their weokeat part, it would seem to be a re- 
pnhensiblB error in boiler-makers ta continue to construct boilers 
with invariable lines of weakness, like the seams, having but little 
luore than half the strength of other parts. But it lias been 
1 ilniost invariably noticed, when examples of exploded boilers were 
being examined, that the rapture did not either begin with, or 
I follow tbe rivet holes, or any weak part of the iron with flaws, 
Trhich is also an indication that sonie otlier force than the elastic 
pressure of the steam caused this initiatory rupture. Any piece 
at iron subjected to a tensile strain will be stretched to the ex- 
tent which will give it a permanent set by about one half the 
furce which will break it. This curious iact was discovered and 
ilenionstrated by Professor Daniel Tread well, whose essays on some 
cf the qualities of metals are extremely valuable. 
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The experiment was constructed by stretching a piece of wire 
along a table, about fourteen feet in length, and by means of a 
lever, after marking its length, subjecting it to a teusion of forty 
pounds. The extension for that weight, and for each weight 
upplied is shown full size on the cut The weight was tamoved 



after each appliiiation, and it wna found that two hundied i 
eighty pounda gave the tiiat permanent ^et; that i% the iron 
not recover its original length after the applicatiun of that wei| 
The continued additions to the weights shown, increased the ] 
manent extension until four hundred and forty pr-unda were a 
tained, without breaking the iron, which will be noticed, is 
double the weight which gave the first permanent stretching 
the wire. 

Another series of the application of the successive weigl 
from forty pounds upwards, was then begun, with the aan 
but no additional permanent set was given to the wire iintQ Id 
hundred and forty was passed. Five hundred and twenty « 
reached without breaking, which weight being removed i 
applied again, was auapended for several hours, stretching 
wire slowly, as shown, when it was removed; and afterwanls 
wire was broken with five hundred and ten pounds teuH 
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From this we may conclude that if we find a part of a. boil 
which has burst, of an i^qual strength with the ruptured part, d 
stretched or distorted, that it was not the pressure of the stea 
which caused the initiatory rupture. If the pressure of the aU 
were the only force to be restrained in boilers, it would be e 
for the. boiler-maker, or engineer, to provide boilers which oa 
not possibly be burst, For instance, if a boiler of certain dim* 
Biuns, made of quarter-inch iron, should burst, make the nazt a 
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to take its place of iron half an inch thick. Or why not font 
inchea thick 1 If iron with a tensile strength of 50,00011)8. to 
iliH inch is rnpttired, why not take high steel, witL a tensile 
strength of 120,000 lbs. to the square inch ) Theee seem to be 
rmtural questions to ask, hut they are answered by the statemeiit 
rliut it is not the stningest boiler which is found to atand tha best, 
but the boiler which is made of the softest and moat ductile 
nuteriala. A boiler might be made of iron bo thick that it would 
not couduct heat enough through to the water to generate ateam 
alall, while the iron would be entirely destroyed by unequal ex- 
pansion, from the difference of temperature between the surface 
•iftlie platea exposed to the lira, and the one exposed to tha water, 
And although a boiler made of high steel would withstand a much 
higher cold water teat than an iron boiler of the same thickness, 
it could not withstand unequal heating so well, on account of ite 
grater density ; and, consequently, the greater force with which 
it would expand and contract, ua it was heated or cooled unequally. 
Mdalsexpand,as they are heated, with a force which exactly equals 
the force with which they would resist compression at the same 
tstnperature, and contract with a fnrce which exactly equals the 
fiirce with wiiich extension to the same extent would be resisted. 
A lisr of railroad iron may have eight inches area of cross seetion. 
and » tensile strength of 30,000 to the square inch. Such a bar 
would be pulled apart if it were extended three-eighths of an inch 
It^Dgthwiae, and the force necessary to extend it would be 1 60,000. 
The same bar would be extended three-eighths of an inch by 
raising its temperature one hundred degrees : i^ when so heated, 
its ends should be so fixed that they could not approach each 
other ; and then, the bar being cooled, it could be broken in two 
iimply by the force of contraction, which would come from a 
linage of temperature of one hundred degrees. If the bar should 
■t be actually broken by the first beating and cooliug under 
r< h circumstances, it wbuld at least receive a parmanent set, and 
j'ctitions of the same process would eventually break it. And 
1- ia probably the force, viz: unequal expansion or contraction 
III unequal heating or cooling, which causes all the leaks, 
ijitures, distortions, and explosions of steam boilers; a force not 
)it«mplated when boilers are subjected to the teat of cold water 
: ssure by tha steam-boat inspectors; a force which doea not 
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effect the ateam gauge or safety valve, and therefore these instm 
raents do not indicate it. When we come to examine tb 
ruptured, leaky, or the exploded boiler, we have no means a 
determining the extent of the force which caused the accident^ 
and the engineer has no means of either determining or prevent 
ing it. The boilermaker cannot make a boiler to withstand i 
for the stronger the boiler the greater the force. The onl; 
practical way to avoid the danger is to equalize the temperatu* 
in all parts of the boiler, at all timea and under all circumstance^ 
which happily it is easy to do. 

It was once my privilege to have a chance to experiment witl 
two boilers aiit up in brick work, side by side, but with separati 
fumacBj under each. Occasionally the (ire was made under onlj 
one boiler, and fifty pounds pressure of steam filled both, 
water will not receive heat from ita upper surface downward, tht 
steam was not condensed by the cold water in the boiler unde 
which there was no fire, and the water remained as cold t 
previous to the beginning of the experiment. The boilers wet 
thirty feet Inng, and tliirty inches iu diameter, of the cylindrica 
form, without flues. With fifty pounds of steam, the one without 
the fire under it had a temperature of 301° Fah., in tjie watei 
and in tlie steam ; and at that temperature was about i 
a-half inches longer than when cold. The other, having water at 
a temperature cy£ 60° in the bottom, and steam at a temperatun 
of 301° degrees in tha top, was bent into the form of a segment.o 
circle, and was caused to leak kuUy along the bottom. I con 
cludeil the strain upon the boiler was quite as great as if it hat 
been bolted down at the ends and jackscrews adjusted under i 
along the micblla of ita length, and ' worked up ' until the boile 
was bent to the same extent. It was considered extremd] 
dangerous to carry fifty pounds of steam in a boiler under euol 
circumstances, and the experiment was not repeated, 
gineets frequently have a high pressure of steam on boilers whit 
^objected to equal strains of unequal expansion, without knowini 
Boilers explode under such circumstances, and everybod; 
wondera. Enormous pressures are attributed to steam accamt 
I Uted suddenly in some mysterious manner, and the 
i agmn and again." — Norman Wiahb. 
, TJte Ameriean Stcim Ecili-r. — In ' Engineering,' undo 



pj^ec. 4tli, 1 SOS, there is an account of this boiler, n)iich 
cently introduced into this country, and which ( 
I ik eiistence to the designs of Mr. J. A. Miller of Kew Turk. 
The material is of cast-iron, but the peculiarity consists in the 
nj in which this materiiii is nsed. The boiler conaista of two 
iiad& of 'units,' as they are termed, bolted together by strong 
Sanges. These unita differ in form, one being made up of a pipe 
of a horseshoe or semicircalar shape, connected at its lower ends 
with horizontal pipes, supported on the furnace, and the ujiper or 
central part of the horseshoe being provided with a vertical pipe 
leading to the steam delivery pipa Each of what we may teim 
the " furnace units" is connected to the next by two joints, one 
on each side of the firegrate ; whilst each of the remaining sections 
is connected to that next it by a single joint near the centre of 
its bottom transverse water space, as shown in fig. i. The joints 
are carefully made, and they are each held together by six bolts, 
whilst the flanges are broad and heavy. In the case of the fur- 
nace tinits the joints are kept below the level of the grate bars so 
that they are protected from the action nf the fire. The unit 
which forms, as it were, the back of the furnafle differs from those 
which succeed it, it being provided with two e.ttra joint flanges, 
which serve to connect it with the units forming the furnace, as 
shown in fig. 4. The form of tie other ' unit ' is that of a 
vertical conical pipe, the lower end being smaller than the upper. 
These are placed together so that they form a series of five vertical 
conical tubes, connected by transverse tubes at the bottom and 
nea? the top. The water line is maintained about the middle of 
the depth of the upper transverse water spaces, and the water has 
thus a considerable surface area, a matter which exercises an im- 
portant influence in reducing the tendency to priming, whilst it 
also renders the water level less variable under irregularities in 
the supply of feed water. The top of each of the main units is 
closed by a cover or bonnet, from which a wrought-iron pipe is 
led to the cast-iron steam drum, which extends the whole length 
of the boUer, as shown in the general views. The connecting 
pipes are bent so that they may expand freely. The joint con- 
necting each unit and its cover is made before the units leave 
the factory, and it is a permanent joint, there being no occasion 
to break it afterwards. To assist the circulation of the water, 
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each of the vertical tulies of the maJB units is fitted with a loose 
inuer tube, as Bhown iji fig, S, but cairibd rather lower down 
than there represented. This arraugement is similar to that em- 
ployed ill Howard's well-kiiown boiler, the inner tube dividing 
the ascending and descending currents of water. In the case of 
the units forming the furnace, the same end is attained hy a di- 
viaiun cast in the arched tubes, as shown in section in fig. 4, and 
by dotted lines in fig, 1. The current of heated water of course 
rises on the inner aide of the partition, wbilat the retnm conenb 
descends on the outer side. 

We must now speak of tlie arrangement of the units in their 
setting. By reference to the sectional plan, fig. 4, it will be 
seen that the units are so placed one behind the other that the 
tubes of one are in a line with the spaces of the next, and 
The object of this is to cause the heated gases passing throngh 
the spaces of one unit to impinge upon the pipes of the nextj 
Although, however, the gases do to a certain extent pass thiOQgli 
the spaces or openings in the units, yet the main current will 
flow into a zigzag course through the flue formed by the 
themselves. In fact, in the caee of boilera to be worked with 
bituminous coal, Mr. Miller casts feathers on the sidea o£ the' 
pipes of each unit, except the three or four next the fumacOr 
these feathers almost closing tlie openings, and thus compelling 
the gasea to traverse tlie longer route afforded by the zigzag fines. 
By this arrangement, a great length of run is obtained for tha 
gases with a very moderate length of boiler. The arrangement- 
of the brick setting will be readily understood from the longi- 
tudinal section. It will be seen that the units making up the- 
main part of the boiler are supported on ledges formed by 
dnction of the thickness of the side walls, there being a clear 
space lefl between the latter into which any soot, &c,, can fall, 
thus keeping the flue portion clear. This pit, which is 2 ft> 
wide by 2 ft. deep, can he readily cleaned out at the neceesaiy 
intervals. The feed water ia admitted at the front end 
the boiler, as shown in the end and side elevations, which 
also show the an'angement <if the gauge cocks, Are door, flttiugSi 
&e. The firebars employed by Mr. Miller are not shown in ool 
engravings; they are of a peculiar, and, we think, exceedingly 
good section, and we shall describe them on an early occasion. 



A.iiogetlier we consider the " AniericBn" boiler to be the best 
:irmngement of cast-iron boiler wliith htt§ yet been brought ucd^r 
"iir notice. The beating eurfacs is well exposed to the actioD of 
tlie heated gases, there are good facilities for efficient circalation, 
tvliilst the joints are bo placed that they are protected from the 
imot action of the fire, and are not influenced by unequal ex- 
[Niiision and contraction. It ia, moreover, very compact, each 
iiNit olfering sufficient heating auri'ace for the evaporation of 
.ihpiit two cubic feet of water ]>er hour: whilst, like other boilers 
imposed of units, it is well adapted for transport, and can be 
ii'aiiily enlai^ed (rfm time to lime as a demand for increased 
i'liwer may ariae. For ironworks, where the boilers are heated 
^■y the waste gases, it appears to us to be particularly suitable. 

15. On the Cousiruction of Steam Boilerg. — "In noticing 
lately," says the ' Mechanics' Magazine,' " the report of Mr. Henry 
HilJer, the chief engineer to the I^'ational Boiler Insurance Com- 
pany, we expressed our intention to notice further Mr. Uiller's re- 
marks on the construction of boilers, and we now redeem our pro- 
mise. A large number of the boilers proposed for insurance are so 
weak in construction, or otherwise so defective, that soraa general 
remarks, based on extensive experience of the construction and 
workingof all kinds of steam boijeis, will doubtless be found useful 
to many owners and makers. Of the numerous varieties, none are 
more generally naed than the lancaahire, or cylindrical two-flued, 
and the Cornish one-flned hoUers, and where these are well con- 
structed, properly fitted up, and carefully attended, their perform- 
ance is generally satisfactory. There are various modifications of 
these forms, some of which are valuable. In designing such 
boilers, excessive length as compared with the diamiiter should 
he avoided. Long boilers strain considerably, and frequently 
give great trouble by leakage at tLe riveted seams. A fair pro- 
portion is when the length is about three and a-half times the 
diameter. The staying of the end plates, and the attachment of 
the flue tubes to the ends, should be so arraiij^'ed tbat the tube 
may expand freely, unless there be some special arrangement in 
the form of the flue tubes to attain the same object 

Many boilers, otherwise well made, have given considerable 
inble by leaki^ and fracture, owing to the severe strains of 
K^vbI expansion, to which their rigid construction exposed 
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I of the boilei'S iiiapeeted, the ends were so heavilj 
_ pd, and BO rigid, that conBiderable leakage, and r 
fratture at the ring seams of the loiver part reeulted. In othe 
the staying was so slight, that the ends were bulged outwar 
risk of explosion thus occurred. Flue tubes a" 
he stayed to the shell, but be attached at the enda 
Many boilers have given serious trouble through being thus atajed 
The shell should be made quite circular, and the longitndiBI 
which should break joint, be so arranged that, when ti 
boiler is set, all those below the water line may he accessible i 
examination in the fluea, and be clear of the brick i 
Many makers now double-rivet tliese seams, thus materially in 
creasing their strength, and when the work is well perfonc^ 
reducing liability to leakage. 

Flue tubes are now constructed in Tarioua ways, some r 
preferring to nse thick plates not strengthened in any way, whila 
ethers prefer coroparatively thin plates; but by flanging them s 
the ring seams, or by welding each ring of plates, and connectin 
them by sohd T-iron hoops, form a raucli stronger and moH 
reliable flue tube, The liability to leakage, fracture, and eaoe» 
sire expansion, is thus much reduced; as the beat is more freely 
transmitted through the thin plates. The cross tubes and watn 
pockets introduced by some makers in that part of the iiue tubea 
beyond the furnace bridge, are of great value, chiefly from Hit 
manner in which they improve the efficiency of the heating bi 
face by the diversion and breaking-up of the current of the gast 
whilst they much iucrease the strength of the tubes to iw 
collapse. All large tubes exposed to high pressure should be 
strengthened by some of the means described. Where the tabeS 
are formed with the ordinary lap-joints, the longitudinal t 
should break joint, as a tube thus maile is muuh stronger than 
where those seams are in line, and at the furnace end all longita- 
dinal seams should be below the fire-grate LaveL 

The plan of forming tubes with the plates laid longitudinally 
in narrow strips is very objectionable, as the tube cannot be mode 
so circular, and the scams above the bars are injured by the 
action of the fire; whilst such tubes are much weaker than those 
made in the ordinary manner. Multitubular boilers should, ai 
far as practicable, he so constructed that every pait of the interior 
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may be acMssible for clBaning and exarainatiun ; and it would be 
.1 great improvement if thoee of portable and locomotive eugioes 
Wire 90 oonatracted that the tabea could be drawn witliout ditfi- 
I ulty, so as to allow occasional inspection of the internal surface 
lit the plates. External flues are necessary to stationary cylin- 
drical hoileiB of this class ; otherwise the lower seams are strained, 
ud bocome leaky throngh escessive unequal expansion of the 
I l»i!er. Plain cylindrical externally-fired boilers, witji egg or 
?™cer-shaped ends, are preferred by some owners, chiefly on 

Mfiount of their Bimple form. Such boilers can never work so 

ifcly as a properly constructed intemally-tiied boiler, as they are 
ni liable to fracture at the seams over the furnace, through the 
J^ excessive alternate expansion and contraction to which they are 
uposed. The application of stout longitudinal stays would add 
materially to the safety of such boilers. 

A large number of cyliadrical vertical boilers are used in 
varions ironworks. These boilers are generally heated from the 
[mddiing or eimUar furnaces, the heat first entering the external 
ansa, and passing thence by an internal descending flue-tube to 
the chimney. They are especially hable to starting and fracture 
of the riveted seams opposite tlie furnace necks, owing to tlie 
intense heat at that point; and where the feed water deposits 
znnch sediment the soKd plate is sometimes fractured. To avoid 
this hability, the part referred to should he protected by a screen 
nf brickwork, or the boiler set at a higher level, that brickwork 
Bay be so arranged as to spread the heat betbre it reaches the 
toiler. The bottoms of these boilers are frequently quite inae- 
MSsible for examination, and serious corrosion may go on un- 
known to those in charge. If the boilers were supported by 
hmckets at the sides, or by wrougbt-iron plate standards riveted 
'" Ibe bottom, so that a thin wall of brickwork would suflice to 

rm the lines, the condition of the plates could be occasionally 

1 urtained without much difSculty. 

.4s the safety of boilers depends bo much on the sufficiency 
■ij condition of their fittings, a few remarks thereon will be 
-' ful. It is well to have two safety valves to each boiler as a 

. L'k upon each other; one of them should be a deadweight 

live, loaded estemaily, and the other a lever weight valve, or a 
'.'iijiound valve, which would allow tlie steam to escs.'^ ^ ^Vl^ 
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water were alloweii to fall below the proper leveL Saff 
are froquentlj met with tjie Severs of which are of such 
that the usual working pressuie for which the boiler was mftde, 
■would be much exceeded if the weight were fixed at the end. d 
the lever. The weight ehouJd always be calculated and adjusted 
to hang at the end of the lever. 

All boilers should be provided with correct pressure gang* 
for the guidance of the atteudants. The glass gauge is undoolit- 
edly the best and moat reliable water gauge, and it is a good phm 
to attach two gauges to each boiler. Where floats are used, there 
should be two, one of them fitted with an alarm whistle. Boilen 
with internal tubes should atvrays be fitted with glass gai^u 
Fusible plugs should be attached to the furnace crowns of ill 
internally-fired boilers. The feed regulating valve, which aaj 
be constructed to act also aa a back pressure valve, should alwaji 
be placed at the front end of the boiler, within the reach of tin 
attendant, and where boilers work in connection, each should 
I a back pressure valve attached. The feed water should be 
'. (a few inches below the surfuce of the water in the 
boiler, and above the level of the tube crowns) in a horizontal 
direction, or by means of a horizontal perforated pipe. Where 
the feed is delivered near or at the bottom of the boUer, it cook 
and contracts the lower plates, whilst those of the upper part are 
heated and expanded by the steam, frequently (espiecially in 
boilers rigidly stayed) causing fracture at the ring seams at Qte 
lower part of the shell. It ia always preferable to heat the feed 
water before it is forced into the builer. 

The blow out tap at the bottom of the boiler should be M 
placed that it may be examined at any time, and so that M)y 
leakage thereat would be at once noted. Valves should never fail 
used, double-gland taps made altogether of brass are far piefar- 
abla Stout seatings with planed joint faces suitable for each 
fitting should be riveted to the boiler. All manholes should be 
strengthened by a faced mouthpiece, riveted to the boiler, eo that 
the joint may easily be well made, and leakage with corrosion be 
avoided. Steam domes are unnecessary on stotionary boilers; ft 
perforated pipe placed iu the upper part of the steam apace ia 
quit.ii rifi Mlicnent to prfveiit priming, and the boiler is not weak- 
" ■'■■lies are ortiViTed, they should never be of lai^ 
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diameter, and the shell platea inside them should nut he all cut 

The setting of stationary boilers is too often entrusted to men 
quite ignorant of what is necessary for their safe and efficient 
working, and Mr. Hiller has frequently had to point out serious 
errors in plans prepared by engineers and others, whose mistakes 
probably arose from a want of practical experience of the work- 
ing of boilers. When boilers are about to be set, special cars 
ihniild be taken to thoroughly drain the ground, that no daiiip- 

■ I -s may exist in the iluea to cause corrosion of the plates, All 
::.■: Sues ahould be quite large enough to allow a man to pass 

■ 'iFingb, 80 that every part may be accessible for examination. 
\[ii]feather seatinga are very objectionable, and no boiler should 
i" so set except those of very small diameter, and in such ca^cs 
-iick but narrow iron plates should be placed on the top of the 

Vickwork to protect the hoilur. Cylindrical boilers, internally 
'.:i'(l, should be set on side walls, the boiler resting on lire- 
liy blocks made for the purpose, and so shaped that when built 
111 place the Ijottom of the side flues may be much lower than 
j the point where the boiler rests on the blocks. If the blocks 
l» properly fitted to the plates, that the bearing thereon may 
b« equali^ied, the total breadth of both side walls, wliere iu 
contact with the plates, need not exceed one inch for each foot 
of diameter of the boiler. The top of the side flues should be 
level with the crown of the flue tiibett. 

AU boilers should be roofed over to protect them from exter- 
:,^il moisture, otherwi e the sides in contact with the flue brick- 
' rk will be weakened by corrosion. Where flues are properly 
.I'-angeii as described, no serious corrosion could exist in the 
•eatings, which could not be detected on a careful examination 
a trained inspector. The lawa fur the prevention of smoke 
t now being enforced in many districts, hut boiler owners 
~ 1 be cautioned against too readily adopting any form of 
I which may be pressed upou their notice, as many 
EmuieceBaarily complicated and expensive. 
^ frequently happens that good boilers are injured, and serious 
■is incurred, through neglect and carelessnesa. Whore the 
1'water contains much sediment, and no cleaning apparatus 
I, frequent internal cleaning is indispenaabYe, wt ftie ij\a!i*a 
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nay become overheated and injured whilst the efBcdescy 
boiler is lednced. The e:iteriial flues are in numf 
lowed to become almost chuk«d before being cleaned, 
boiler plates so tliicldy coated with soot, that a we 
sumption of fuel is the result. Some firms, on the otl 
clean their boilers thoroughly about once a-montb, 
tiiereh; considerable gainers, ne the efficiency of the heat 
face is retained, whilst any defects are at once discovt 
made good, whicli, if neglected, might entail expensive 
or even lead to serious disaster. Wlien boilers are bfling 
after stoppage, they should be heated very gradually, 
avoid aa much as practicable the severe strains of un 
pansion, and when at work the feed supply and the firinj' 
be as steady and regular as possible. Frequent and 
alternations of pressure, especially with high pressure bol 
irregularity of any kind, is mast objectionable, and 
really dangerous. 

Steam nsers are strongly cautioned agsinst the pai 
second-hand boilers. Many instances have 
where Buch boilere have required very extensive nlteratii 
repairs, costing nearly as much a» new ones, to which tl 
after all, much inferior. Where it is proposed to pui 
boilers, a thorough inspection should be made by some 
of special experience in such matters, whose report woul 
reliable guide to the purcliaser. In constructing 
the very best materiab and workmanship should be employed. 
Ijow priced boilers made with ioferior material and workmanslup 
are unreliable, and as a defective boiler must be a source of 
annoyance or danger, and the consequences of explosion are fre- 
quently so terrible, it is evident that in no case is special care 

. more necessary than in the construction and titting-up of boilers." 
16. Boiler Cooling Surface. — From 'Engineering' of Oet 
9th, 1868, we take the following able article: — " It would be 
difficult to find a mucli better example of tlie ' penny-wise-pound- 
foolish ' systera of economy than is presented by an luilagged 
steam boiler, Yet anch boilers are, unfortunately, by no meona 
difficult to meet with j on the contrary, there are many sitnoi- 
tions where unprotected boilers are the mle rather tl 

I ception. Thus it is but seldom that we see any dead 
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KL-r of a ati»im crane, on the fire-liDX of a portnble eugin^J 
. Ilje u^rigiit boilers of those »<mi-i)Oi'tah]e engines of wbi ' 
' ;i vast numbers are now in usa for various purpoeeA. Ynt 
■ tiiilere we have just mentioned are thoee which, of all others, 

■ I urgently require efficient protection, as they are, in the nw- 
: ly of iufitances, exposed to the cooling inAueuces of rain, wind, 
: . I'lom which ordinary ikctory boilers are protected. The faut 

'\ich a state of thinga continuing i:an only be ascribed to the 
.i.jiiuice of those employing these unlagged boilers. We have 

■ jUfintly asked makers of portable engines why they do nrrt 
itiicit their boilers properly, and in almost every tiase the reply 

.-• I.ten, ' Because pmijiasers will not pay the extra cost.' We 
..:rik that if these objecting purchasers knew how much tbey were 
11 ing for the privilege of having their boilers exposed to the 
■iitlier, they would feel iuclined to extend their outlay in the 
'■~i instance. 

Kxperiments made by Messrs. Perkins have proved that in the 
cuse of pipes filled with steam at 100 lb. per square inch, 100 
(quam feet of surface exposed to the atmosphere are, under ordi- 
UHiy circumstances, sufficient to condense per hour the steam pro- 
duced by the evaporation of a cubic foot of water. When the 
pipes were lilled with steam at atmospheric pressure, the surface 
leqnired to condense an equal weight of steam was about 150 
square ft., the difference being [lartly due to the steam at at- 
iDoepheric pressure containing a. greater amount of latent heat, 
md partly to there being a less ditference in the temperatures 
within and without the pipes. In the above experiment the 
pipes were under cover ; but iu the case of boilers freely ex- 
pnsed to the external air, there is strong evidence that, even in 
line weather, the refrigerating ellect of a given area of exposed 
ijiirlace is much greater. Even assuming, however, that in the 
c*»e of boilers worked at ordinary pressures, 100 square ft. of 
ui^sed surface are sufficient to condense per hour the steam 
jirodueed by the evaporation of a cubic foot of water, we shall 
iiave ample evidence of the necessity for protecting boilers by 
t'lSeient cleading. Let us take, for example, a vertical boiler 3 
11. 3 in, in diameter and 8 ft. high — very ordinary dimensions— 
and let us suppose, as is but too often the case, that it is un- 
lirotected by lagging of any kind In this iustuiLce the aurfaces 



fiuin which tbe Iobs uf heat will take place are those of the side 
and crown, and the area of the cooling surface, as we may tern 
it, will he about 90 square it. This area of aiiriace would, i 
uonling to the ahove estimate, he sufticient to condense per hOD 
nine-tenths of the steam produced hy the evaporation of a cubit 
foot of water, or an amount which, if supplied to an engine o 
moderately good constrnction, would generate quite 2-horae power, 
Following out the calculation, it will be seen that in a wo 
day of twelve hours this surface will condense about 675 lb. o 
steam — an amount whicli it .will, uoder ordinary circumstance^ 
require about three fourths of a hundredweight of coal to generate 
Supposing the boiler to work on an average twelve hours per day, 
it wiU require a weekly consumption of i^ cwt, of coal merely 
to make up the losa due to the exposed surfaces ; and taking th< 

t of coal at 12s. per ton, this will involve an expenditure ti 
about £7 annually to replace losses which, about the same sut 
expended in proper cleading, would serve to preveot altogether 
In all probability, also, this is a very low estimate of the nionetai; 
loss involved by such an area of exposed surface. 

In the above calculations we have assumed 100 sqaaro ft o 
exposed surface to be required to condense 62^ lb. of steam pel 
hour; but, as we have already said, there is every reason t 

e that in boilers freely exposed to the atmosphere the [ 
of the cooling surface is very much greater than thi«. The ex- 
periments recently made hy Mcsera. Fox, Head, & Co. of Middle* 
horougli, bear strongly on the matter under consideration. Li 

I this instance the boiler experimented upon, which was 4 ft. in 
diameter by 22 fL high, was heated by the waste gases from I 
puddling furnace, these gases being led up through a central f(uB 
2 feet in diameter, crossed by seven 5-inch water tubes, 
series of experiments were made, one with the boiler unproteoted) 
and the other coated with Jones's boiler covering compo^tioo 
each series loKtiug a week. As the same amount of fuel ww 
burnt, and the same quantity of iron made during the two tern 
of experiments, it is only fair to suppose that the boiler teceirR 
the same amount of heat in the two eases ; but the results shoiTM 
that with the boiler protected the average evaporation per bnol 
exceeded that obtained with the boiler unprotected hy 5 '6 cubi( 
tt. The cooling surface exposed by tlie boiler was about S8< 
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^uure ft., and assuniiiig the abore results to he correct — ami 
'( every reason to believe that tliey were carefully aecer- 
Uined — each 60 square ft, of this surface must have parted per 
huar with as uinch lieat os wotilil aulfice to convert a cubic foot 
■ flTrater into steam at 60 lb. preasuru, the pressare at which the 
ir was worked. The refrigerating power of the exposed sur- 
ras thus twice as great us t]iat deduced from Messrs, IVr- 
. experiments j but we consiJer that this difference is fully 
muted for by the fact that the boiler at Messrs. Fox. llead, 
■I Co.'a, was unprotected by a rooi^ was freely exposed to the 
111; and was worked night and day, the refrigerating effect during 
liii! night being probably, owing to the dew, &c, considerably 
lu excess of that which obtains dnring the day. At the saniH 
time it should be stated that the experiments were conducted 
ilaritig fine weather; if the weather had been wet and cold the 
ivsuite would undoubtedly have been even more in favour of t!ie 
Iffntected boiler. 

We have, we think, said sufficient to prove that it ia but 
feiT liilse economy to begrudge the ouUaf uoceaKary to protect 
^ boiler by thoroughly efficient cieading ; but before leaving the 
tubjcot, there is another point connected with it on which we 
should say a few words. The point wo refer to is the diminu- 
tion in the evaporative power of a boiltT caused by its external 
•urface being unprotected. Tlie exposed surface of a boiler, tir, 
16 we may term il^ its cooling turCice. in no way differs from iu 
lieating surface ; it is subject lo tlie same laws, and, under simi- 
lar circumstances, would produce aimikr effects. That a square 
fuot of cooling surface withdraws from tlie contents of the boiler 
a less amount of heat than is imparled to them by an equal area 
of heating surface is merely due to there being a less difference 
between the temperature of the atmosphere and that 'if the con 
teuts of the boiler, than there is between the latter and temper- 
»ture of the gases in the flues. Other circumstanceB being equal, 
the transmitting power of any given area of boiler surface varies 
dinctly as the difference in the temperature on the two. sides 
of it, any increase in this difference enabling the suiface to trans- 
I mit a proportionately increased amount of heat in a given time. 
I In the ease of both heatuig and cooling surfacea the outer surfaces 
1 of Ihe pktea are in contact with air or gaaea, wbilal \.\\b TOi.\e\ 
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sntfacee are in the former case wholly in contact with water, s 
in the latter partly in contact with water and partly witli Btei 
This latter fact tenia ratlier to incnyiSB tiie comparative efficiency 
of the cooling surface, as the circulation of the steam i 
perfect than that of the water, and the parts in contact with il 
are at all times exposed to the maximum temperature within ihe 
boiler. Any ailvantage due to this cause may, huwever, be du- 
regarded here, and ne may consider that the traDsraitting powei 
of any given area of cooling surface bears the same proportion 
to that of the same area of heating Gurface, that the 
between the temperature of the steam within the lioiler and that 
of the external atmosphere does to the difference between (he 
temperatures of the eteam and of the gases in the boiler flnea 
The next point is to ascertain the proportion which these dSSet- 
eneea hear to each other. In the classes of boilera in ordinal 
use 10 square feet of heating surface is a very fair allowance for 
evaporating a cubic foot of water per hour, and thus, if we takt 
the results of Messrs. Fox, Head, & Co.'s experiments, it wiU bi 
seen that a square foot of ordinary heating surface has aboot 
one-fifth the heat- transmitting power oi a square foot of fredj 
exposed cooling surface; or supposing that in any given bralA 
the areas of heating and coaling Eurface are equal ; the efiect o 
the latter, if freely exposed, would be to reduce the evaporaliw 
efficiency of the boiler twenty per cent. 

In the case of Messrs. Fox, Head, & Ca's boiler, the hesti 
surface, consisting, as we have stated, of a 2 ft. flue, with ael 
transverse 5 in. water-tubes, amounted to 156^ square feet; ■ 
aa, when the boiler was protected, 20 ■t cubic feet of water m 
on an average, evaporated per hour, there was a cubic foot ff 
porated per hour lor each 707 square feet of heating £ 
The efficiency of equal areus of heating and cooling surface n 
in this boiier therefore inversely as 7'67 to 50; and it ia a 
fait to suppose that the differences between the temperature < 
the two sides of the heating and uoohng surfaces rcspeotivt! 
were in the same ratio. The pressure of the steam in " " " 
being 60 Ih,, its temperature would he 307^", and we maji 
sume thut, on an average, the difference between the temperat 
that of the atmosjihere would be about 245^ and on .1 

nmption the average teniiKratiire in the flue would tw elii 
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(245x50^T-G9)+307i=1904j, Had this toUec Liul aqua! 

mt-,iis of healing and cooling snrfnoe, the loss of lieat prO'^liioed by 

'■■ latter would have amounted to -7^ of the whole, or 14-34 

■ : cent. ; but the area of the cooling aurfice being lai'ger than 

^lut of the heating emface in the proportion of 280 to 166j, the 

sctual losa amounted, as we have seen, to ^^ or about 37i per 

, wnt. Those who object, on the Bcore of expense, to protect ttieir 

alcara boiler, should bear this fact in mind. 

All that we have said concerning the necessity of protecting 

L tlie surfaces of steam boilers applies with equal force to steam 

F pipeSj or any other clianiiels through which hot liquids or gases 

li.ive to be conveyed with as little loss of heat as possible ; and 

'1' feel convinced that there are hut few situations where the 

.:plioatioii to such pipes of a thorougidy efficient protection 

' "iild nut be found to pay. In conclusion, we should remark 

lilt the source of economy we have indicated is but seldom 

^.'Incted by our firat-claaa engineering firms, and our only object 

-I tuiducing the above facts is to induce others to follow their 



, The mod Recent Improvements on the Injmlnr. — In the 
volume of ' Engineering Facts and Figures for 1 8G5 ' we gave a 
description and illustration of Giffard's Injector. The following 
'* a paper under the above title, read before the Society of Ensi- 
le' rs, W. H. L. Feuvre, Esq., in the chair, by Mr. Jaraes Gresli- 
':i : — "The growing importance and increased apphcation of llie 
[cetot render it unnecessary to apologize for reintroducing the 
ipjeot before this Society. The complete and admirable paper 
' Mr. Lewis Olrick, read at a meeting here some two years ago, 
linteii f>ut with clearness and force the action of the apparatus, 
e a anccinct account of the modus operandi of the instvu- 
The value of Mr. 01rii;k'H paper was considerably en- 
dt>y a series of elaborate and precise mathematical formuise. 
eatment of the injector in this paper will he from an emi- 
f practical point of view, and such knowledge and infor- 
1 as the writer has gained from long and active ex^emixwi 
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in working the injector, as well as a ttoroiigh knowledge iJf tl 
experinienU that have, from time to time, bean found neceaaii 
fur itB further improvement, will now be laid before this Soeieq 
and the writer may be considered fortunate if, aftej* a descrip^ 
o{, and refei'enca to, the models and drawings, he aliall have n 
moved a little of the prejudice which is inseparabie from a dm 
invention. Since the introduction of the injector into Englai ' 
it haa been the object of those interested in its success to obftatti 
and overcome, step by step, the difficulties that were originall 
found attendant upon its working, by watching its performani 
over thousands of miles of railway, under every variety of <i 
cumstance, and by careful obi'ei'vancB of its working, nuiI n 
ous experiments on stationary as well as locomotive boilers, mU^ 
improveraenta have been made, resulting in its present advanced 
alate. The great objection raised by a driver to the use of thq 
injector, when first applied to his engine, after his long use of tb> 
pumps, ie the number of handles he has to manipulate at startit^ 
the injector, all of which must be open and closed in their propet 
oriier to secure the efficient working of the instrument; and tboaglt 
the increased lahom may at Gtsi seem but a trivial objection, 
those experienced upon the 'foot-plate' wiU adnjit that it is a 
valid one, remembering tbe nuniher of claims already on IIm 
driver's attention, which, by tlie original form of Giffard'a injector, 
is increased by at least four necessary and distinct operation 
to be performed, as well as a no less important caution to be 
noted, as will be seen from the ' method of working ' issued by 
the makers. 

The method of working, as taken from the printed instructionii 
is as follows; — First, tnrn the wheel or handle to the poution 
suited to the steam pressure in the boiler, tbe higher the piea- 
Bore of steam requiring the greater opening. Second, open the 
cock on the steam pipe. Third, turn slightly the wheel or 
handle, wliicli will admit a small quantity of steam to the ap- 
paratus, until water is seen to issue from the overflow pip& 
Fourth, as soon as this liappens, conlinue to turn upwards the 
wheel or handle until the overflow ceases, and thus g 
liberty to the steam to act upon tbe water, and drive it into 
the boiler through the delivery pipe. If, however, nfter having 
turned the wheel or iiandle to the extent of its range, the over- 
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flon jtill continues, it sliatilil be Btop|i<!il by reducing the quantity 
of water by the wheel or hamlld. The injiiotur is working prii- 
periy wbeu there is no disuhai^ from the overflow pipe, and iin 
tDDre ale^m m adniitted. than is absolutely neceEaary to piwent 
tliat dischai'ge. N.B. — The jatamiiig down of the wheel or 
handles shouid be avoided. The inRininient is purposely neither 
made st«atn not water tight, and when stopped the steam un<l 
water must both be shnt off by the cocks. 

This is certainly formidable, and one of the objects Bought 
hy the improvement about to be described is to remove tht 
greater port of this nmnipiilation at starting, wliile at tlie tume 
time Eeciiring a more efficient and ilnrahle instcuiuent, with nothing 
in tlie uonstnictive detail that can fail, except tbrougli actual wenr 
nr tear. It hns becu found tliat more failures in tlie work- 
ing of the injector have been traced to the burning or wearinj; 
dvay of the packing than to all other sources combined ; and 
in the late improvements it has been determined to remove nil 
the internal packing that cannot be reached from the outsiile. 
The adjusting of the injector to the various steam pressures has 
inen reduced to one operation, or lathi-r the adjusting of the exact 
proportion of water to steam for the various pressures, hithertij 
kcoumplished by two separate and distinct handles, has been ur- 
rsDged tu be accomplished by one handle alona 

Fig. 1 in our engraving (not given here) shows an injector as 
constructed by the original ixtventnr, M. Giffard, witli a sepaniti' 
adjustment for both water and ste-ara, to which applies the inati'uc- 
tioua for working previously quoted. It will be apimrent that 
sutne considerable experience, only to be obtained by practice in 
the working of the injector, must be ne«ded before an onlinary 
fireman would be able to turn thi: handle to the position suited 
to the steam pressure in the boiler, seeing that no furtlier instnic- 
tiona can be given than ' the higiier the pressure of steam re- 
quiring the greater opening,' It has been attempted to index 
Uieso injectors for the various pressures, but without xuccess, as 
tba position of the vrater regulator not otdy varies for every 
difletsot steam pressure, bat also "varies considerably for the same 
(Ore, owingto the change of temperature of the water supply, 
the height it may Itave to be lifted. It is to be attributed 
)ly to the aniouDt of manipulation and attention teqaiiMd to 



^F aures, th 



ESUINEERINQ FACTS, 



I 
I 




adjual the injector to work propei'ly at the differeat 
aurea, that uii boileis with irregular wark to perform, 

,lj small steain and water space, oa ooapared with the' 
surface, we see the injector constantly losing hot water'' 
overflow pipe, or, as some drivers call it, ' working aiof 
freqiientlj occura, and la a great ohjection as well as lose 
other disadvantage in the original form of injectors is the ' 
coni ' packing on the ram. 

The objections to this internal packing are fatal, espeiuall| 
wheu an iujectur has to UFl its enpplj-water from n donaideraht 
depth ; for it will he seen, on reference to the drawing, that it i 
bj the lit of the ram in the body of the apparatus, and ttd 
packing alone, that the eleam is prevented passing direct froa 
the steam-pipe to the watet-ch amber, where the va( 
to lift the supply-water for starting the injector ; and it will la 
apparent that unless this packing is perfectly steam-tight, no su 
vacuum can be created. The frequent failures of this injeob 
when used for stationary boilers, where the supply water 1 
been considerably below the le^vel of the buller-house, has la 
Bf^ kd to its tihaiidoiiiuHiit, and the adoption of another fbnn 
injector, with a fixed partition between the steam and water ooiv 
designed by the writer and Mr, Eobinson. The original injector 
alao fails upon locomotivee from the same cause producing a differ 
ent effect— that is, when the packing on the ram gets worn, 
which is soon the case if the driver only adjustH his itijeotor 
as often aa he should do. The steam passes direct into the water- 
chamber, and, mixes with the supply-water before it enters the 
combining cone j and supposing the water in the tender to have 
been heated some 130 deg., say, whilst waiting at the station, 
the steam leaking past the packing on the ram will sc 
the temperature of the water enougli to make the injecti 
tain in its working, or atop altogpther. Many drivers, finding 
out this, have given up adjusting their injectors, to save t)^ 
trouble of frequent packing, and Jet the ram get fast in its pUn^ 
preferring the leasee evil, viz., the occasional logs of hot water 
at the overflow pipe, from noii- adjustment to the va 
rather tlian have the ancertainty of the injector wuiking , at alt 
when the packing beootnea inefficient. 

The dispensing with packing is accomplished after this man- 



1 — In attaching Uie injector to the bnilpr, care is taken to 
-! the steam-pipe suffioiently long ; Ihst it ahiil have the re- 
-,ite elasticity to admit of its moving at the end attached to 
injector — say in the case of a locomotive Ijin. ; this re- 
: ]i/3 the pip* only to move fin. ap and duwn from a straight 
, — ftnd those conversaut with the bending of brass and cop- 
[ pipes, will know that pipes of any considerable length are 
: ]<:im bent nearer than |in. to their required ptisilions when 
■ i, and that their elasticity readily admita of bringing them 
111" to the dofiired place. Advantage haa been taken of thia 
iit[ich the steam-pipe direct upon the moving ram itself, placing 
! itfvond all po^nbility for the steam to pass into the injector at 
v hm the right point, Experience has proved that the steorn- 
I ' s for injectors at present in use on locomotive and other en- 
.■i".~, are considerably larger in diameter than is requisite for the 
:i idnt working of the apparatus ; and several large firms and 
Wnj companies are now fitting their injectors with steam pipes 
La proportion of Jin. to the millimetre, equal to a liii. pipe 
, a No. 8 injector ; in fact, soma No. 8 injectors are working 
:he present time with |in. ateau pipes, or about l-Sth tho 
1 given by M. Giffard. This may seem strange at first, hut 
may be helped to believe it when a locomotive engine on 
ii" of the principal lines can he pointed out in which all tho 
tteam for the cylinders was made to pass through a lin. pipe 
I ibont l-30th of the usual area, When the eteam pipe is of ue- 
' cegrity very short, a coil is made in it, after the manner of 
Allen's patent tender-pipe coupling. Another improvement 
claimed for thia injector ia the iinpoBsibility of steam blow- 
ing throngh it when not at work — a circumstance which happens 
under the original form of injector at nearly every station where 
SI locomotive engine stands any length of tima This blowing of 
ateata ia prevented by a conical valve on the steam spindle shut- 
ting down firmly on its seating at the base of the steam cone, 
and by the removal of the packing from the ram. 

Figs. 3 and 4 (not given), show two different methods of re- 
ducing the adjustment of the injector to the various conditions 
under which it may have to start working to one single opera- 
tion. Fig. 3 represents an injector with the water supply aelf- 
Kgukting, the invention of Mr. William Sellers of Philadelphia, 
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U.S., and is certainly tlie most elegant imprr>T?ment lliat has 
made upon the injeotor aiiicQ it left the hands of the origing 
inveiitur. The arrangements to enable this apparatus to disp^ 
with internal paiJcing, and to lie started by ueaua it one open 
tion, are the invention of the writer. One handle regulates 3 
steam supply, any incteago or decrease of which will cause a ecff- 
responding increase or decrease in the water delivery. This self' 
regulation of the water supply is obtained by the alternate at " 
of a pressure or vacuum, as the case may be, upon a jnston attached 
to the water or combining cone, and working in a cylinder formed 
by the body of the injector. 

In starting the injfolor— au pposing it to be in communicatiott 
with bcitb steam and water — it simply requirea the (steam regu- 
lating) Bpindle opening, gay, a quarter turn, until water is seeo te 
issue through the waste valve, then to continue opening up ti 
Bpindle until this valve closes, -which will take place iraroediatcl; 
the relative proportion between the water and steam has b 
established. Tliis regulation is obtained by the rising or &Uiaj 
of a piston, thus increasing or diminishing the annular apace bi 
ti7eea the steam cone and the water or combining cune. 8up 
posing more water is admitted between the annular space than 
is requisite for the proper formation of the jet, part of the surplus 
escapes through a bole int<i an air-tight chamber, and ra' 
piston, reducing the quantity ef water admitted until it it 
right proportion to the volume of st«am. The piston will thea 
remain stationary until some change takes place in the pressure 
of the steam, or pressure of the supply-water. If the pressure o 
the steam diminishes, more water wUl be driven into the air-tight 
uhamber, and the piston will continue to rise so long as the prefr^ 
sure of the steam continues to diminish ; if, on the contrary, the 
steam pressure increases, it will require more water to coudenw 
it, and the increased velocity of the jet will carry along with it a 
portion of llie water from the air-tight chamber, creating : 
therein ; then the pressure of the atmosphere on the water i 
the supply tank will causa ttie piston to fall, and admit i 
water around the steam cnne, until the exact proportion of steal 
and water be again established. The action of this injector 
shown very clearly by the sectional model. 

that the lower end of the steam spindle is mn<l( 




hullow This arrangement enables thi> injector to lift its siip{>ly 

water with certainty from depths below that nt which it is i-on- 

'[:i>'Dt to place the apparatus itsp|£ £7 giving the steam spiiullc 

i.irter turn, it elevates a couical valve a short distance Irnra ita 

r. djtd the ateam iHaUowudtopa^a down the centre of the spindle 

iiie requisite volume, and at a high velocity, carrying along 

li it the air existing in tlie water chamber and cones, passing 

^ mto the atmosphere at the waste valve, creating a much greater 

LI I mm than can be produced by allowing the steam to pas.^ 

piund the end of the apindle, aa is the caaa when the injector 

ciimmenced to work. There may be a slight disadvantage in 

oaing the self-adjuster where the temperature of the siipply>water 

is high, owing to there being no overflow pipe to allow of any 

jUTpIns water escaping after the jet has been established. Thin 

is bit when the supply water has reached a temperature at which 

it requires more water to condense the steam than can be carried 

along with the jet into the boiler. Under these circumstances 

the injector would be difficult to start, and when started liable to 

stop, owing to the surplus water finding its way into the air-tight 

cliamber, thereby forcing up the piston and shutting off the 

sopply-water altogether. This drawback is overcome by one of 

the modifications about to be descrilied." 

Mr. Greaham illustrated his paper further by a drawing show- 
ing an injector in which the relative proportions of water and 
Kteata are regulated, or adjusted, by means of one and the same 
handle. The double adjustment is accomplished by means of 
two screws of different pitch upon the steam spindle, one screw 
wurking in a fixed nut, and the other working in a movable nut 
cut upon the sliding ram, thus producing a differential motion, 
causing the spindle to rise, and the steam cone to fall. The 
manipulation in starting this injector to work is exactly the same 
as for starting the " self -adj aster," previously described, viz. : 
Open the steam spindle one quarter of a turn, wait until water 
is seen to flow from the waste valve, then continue to open the 
steam spindle until this valve closes, which will take place im- 
mediately the relative proportions of water to steam have been 
established. Its action may be thus described ; — By giving the 
spindle Ibe requisite part of a turn, the supply is lifted in pi%- 
cisely the same manner aa by the self-adjuster; then by con- 
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tinning to turn up the stewn apinille, the free volume a 
iin working the injector is allowed to pass. At the mold 
occurs there will he more supply of water than is reijnin 
densing the steam, tho Biirphia passing out at the water ^ 
the continued upward movement of tlie spindle causeis tf 
cone to approach the water cone, reducing the snpply ij 
the extent required to condense the steam. This pcdoT 
cated hy the instant closing of the waste valve, showing fl 
jet ia established, and passing into the boiler throngL ■f 
Talve, it being impossible for the waste valve to close ^ 
foot-valve is opened hy the passing of the jet into t" 
therefore it will he seen that these two valves are c 
action of the one being dependent upon the action of tlwfl 

"When the injector is stopped working the positive i 
the foot-valve is secured, hy making it act like a pistonn 

as a valve. This is accomplished by causing it to lift e 

tftuce from its seat before there is apace for the fluid to pas^^ 
in closing to shut otf the passage fi.ir the fluid some liistaace befin 
reaching its seat^ the action changing into that of a piston in i 
cylinder. By tliis means ths requisite amouEt of power is ob 
tained for lifting the waste valve from its seat, and thereby givii^ 
the required opening to the atmosphere for again starting the in 
JBctor. The area of the waste valve must not he mure than. 1"' 
times the receiving cone, otherwise the pressure exerted by till 
injector would he reduced to sucli an extent that it would not b 
able to open the foot valve into the boiler. T!ie advantage 
claimed for this injector over that of the "self-adjuster" are do 
to its being able to work with an ojwn overflow or waste pipi 
This empowers it to take its supply water some considerable nuin 
her of degrees hotter than ca.ii he taken by the " self adjuster.' 
Another advantage of the ofien overflow is the peculiar singin| 
noise made hy the jet passing through the atmosphere, telling b; 
the sound when the appamtus is workirii; properly, Man' 
drivers look upon this as a great desideratum. The open otot 
flow arrangement is shown hy the sectional model. The eonica 
valve on the steam spindle is considered a better way for shuttini 
off the steam than allowing the spindle to fit in the apes of th 
steam cone, and might be appUed aiivantageously to every forn 
of injector, preventing the possibility of bursting the cones b 
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ling down tLe spindie. The iDJecturs shown in ligs, 3 onij 
increased delivery in gallons per hour of 35 to 40 jxir 
Giffard's original calcdBtiom. Thie U owing undoubt- 
tdlj to the improved proportions and the entin; Mcctuaion of the 
Utuoaphere attained by the use of the scli'-actiug ynWe. (Abridged 
fiom the * Mechanic*' Magazine,' -January 23d, 18G8, where thi^ 
paper ia fully illustrated). 

18. On tlie same subject we take the two following pajwre 
&om the ' Scientifio American : ' — (a.) TIte Principle of the Gijiird 
Injector. — " Probably there is no mechanical device in common 
UK which 13 such a jiuxzle to mechanics and other* as the GifTant 
injector. Its operation aeema to defy the best known laws of the 
equilibrium of fluids, yet it acts effectually, and under «ome cir- 
eiimstances is preferable to the }>unip Ibr feeding boilers with 
"liter. 

Its construction is simply s pipe fed from the steam »pace of 
llie boiler to the water apace, below the water level. The uteam- 
luading pipe is contracted at its lower estreitity, between the 
steam ami water level, in a space which is filled with the feed 
wsKr, a fine jet of ste^m acting against the feed water and furc- 
bg it into tlie reception pipe through a small aperture. Of 
uiioree, necessary valves and coeka are employed. 

A correspondent a^ks, what is the principle employed in the 

*clion of this jnjector) We cannot state it more clearly, so far 

u it is understood, than to give the opinion of Mr. John Eobin* 

ma, of Manchester, Eag. He says: 'The preaj^ure on all parts of 

llv. interior of steam boilers being equal, aome reason must be 

iiight why steam taken from one part is able to overcome the 

.-i.^tance opposed to its entrance in another part of the same 

■ (iler. If a pipe conveying steam were turned directly kick into 

tlie water of the same boiler, it is evident that equilibrium would 

' iii~UB and no effect be produced If^ on the other hand, a break 

«i<re made in the continuity of the pipe., so as to leave an interval 

■ •pen to the atmosphere, steam would rash from one pipe and 

water from the other in the boiler with a velocity proportioned to 

their difj'ereut densities. In cnnstructing the injector, the feed 

KBter chamber is placed at the break in the pipe, and this arrange- 

■iMBt ftocounts for tho power of the steam to oyercome the le- 

^^^■BSOO to its entrance into the receiving pipe of the boiler. The 
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jet of steam, being coucentrftted on the water, foreea' 
through the interval surrounded by feud watt;]', by 
which it is grruluaUy condenssd, and reduced iii 
velocity, until it is entirely converted into water at tl 
lu doing 80, it imparts to the feed wuter a velocity pro] 
to the |ires9ure iu the boiler and ita own temperature; 
water being non-elftfltic, it acquireB sufficient momentum to 
come the reaiatanoe in the water space of the boiler.' 

In short, the action of the iiiJi.-ctor ia simply mechanical, 
same principle hae been lately applied — soDiewhut modified- 
attempta to use liquid petroleum aa fuel for steam boilers, Bot, 
whatever may be the advantages of the injector under some 
cumstancea, it ia not always economical It ia a great conveuie 
on louomotiv« and other engines where the boiler cannot be fed 
by ordinary devices except when the machinery ia in motion, 
it is inconvenient or impossible to have a " donkey " engine. 
The injector cannot work as hot water aa the pump, and the feed- 
ing must be very grtidnal, as the apertures of the pipes are very 
amaU." 

(6.) Tlie Gifford hijectoT.—" JIesshs. I^ditohs.— In your paper 
of the 2iJ of May you intimate that the principle of the Gifikid 
Injector is not well understood, and present your readera with ss 
explanation, given by Mr. John Robinaon, of Maneheater, £ng., 
as the best elucidation of the puzzle. I am of the opinion that 
Mr. Hobbiaon himself doea not ahow a very clear perception d 
the thing. At any rate, he fi^ils to make it plain to any ordi' 
nary comprehension. With your permission, I will endeavour to 
do so myself. 

The operation of the Giffard Iiijifctor ia dependent on the kwi 
both of pneumatics and hydrodynamics, and its secret lies 
fact that uiider any given pressure aeriform bodies are propelled 
with a very much greater velocity than liquids. Thus, if 
would commimicate to water a velocity fer above anything that 
could be accomplished by hydraulic machinery, let us first 
Tort it into steiiui, then set it in motion and suddenly reconvert 
it into water by condensation ; the water will retain the velocity 
of the steam. 

To illustrate by example. We have a steam boiler in opem 
tion, under 90 Iba. pressure. If we run a pipe iaoxa the 

k Iii' IB 
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' into the boiW. nnder or above the iraler luvel, equili- 

dlt exi:3t. £ut if we open the pipe into the &ir, sleani 

' III a jet, I have ua means at hand to ascertaia the 

of ft jet of steara andfir 90 lbs. preseiire — al)out six ot- 

■res — but a table before me gives the velocity under one 

iliere at 6S0 ft., increaBiu^ in a constantly diminish lug 

1,600 R. nnder 20 atraosplieres. Perhaps under 90 lbs, 

ity of 1,000 ft. would bo a fair estimate. At an; rate I 

it for the purpose of tills illustration. 

Qow that the steampipe ia of just such lengtli and 

calibre as to contain, under 90 llw. pressure, the produnt, in 

Bteam, of one cubic inch of water. Keraembpr it is moving 

1,000 ft. per second. Suppoae again, that it is suddenly and 

perfeutly condensed, and we have a cubic inch of water flowing 

•itti 0. velocity of 1,000 ft. per second. Now if we open (in 

urifice in the boiler below the water level, a jet of water will lie 

projected frotn it with a velocity of about 114 ft, which is due 

l« a pressure of 90 lbs. It again, by means of outside machinery, 

we throw a jet of water of the same diameter with the orilice, 

ipd directed at it, with a velocity of 1 1 4 R., there will evidently 

be equilibrium ; because, aa presaiir* and velocity are convertible 

into each other, the force of the jet will exactly counterpoise the 

ret seeking to flow from the orifice, and no water will pass 

'■' or out of the boiler. Bnt if the jet, by additional pressure, 

liii a velocity of 115 ft,, then the equilibrium is destroyeil, 

! water will pass into the boiler through the orifice. 

T'.i recur now to the cubic inch of water in the steunipipe, 

: II its velocity of 1,000 ft. per eecond. How much more easily 

i mpidly will it [lenetrate, where even a velocity of 115 ft. is 

,;iiijient to overcume the msistance. And suppose, now, that it 

Climes in contact with another cubic inch of water in a stiitu 

of rest. It will part with half its velocity to the latter, and 

liiitti commingled, will move on at the rate of 500 ft. Let 

ihese two come in contact with other two at rest, and again, 

the weight being doubled and the velocity halved, they will 

move 250 ft. per second. Still agtiin, let these four strike four 

-ithera in a state of rest, and we shaU. have eight cubic inches 

wing with a velocity of 126 ft. per aecond, whinh, as we have 

sufScient to effect on easy and rapid ^euetiution into 



the boiler. Of these eight, one is the cubic inch that 'n 
deneed out of the steam in the pipe, and here we behuld it 
commingling with and canying along seven others, by wbiob, i 
fact, it was condensed, with a velocity much greater than thi 
of a jet projected from below the water level of the boiler under 
the exiating hydraulic prssaure of 90 lbs. 

I have tuken for illustration a given ainDunt of steam an^ 
water. In iact, however, there is a constant flow of steam, a 
euDstaiit condensation by an uninterrupted stream of water, and 
an unbroken jet into the boiler. 

It may be asked, if the steam jet itself were directed at b 
orifice ill the boiler would it penetrate i It would not It 
must be remembered that force is a product of weight and velo 
city, and here the weight of steam being so insignificant — it 
requiring 1,700 cubic inches under the pressure of o 
sphere to weigh as much as one cubic inch of water — the force 
would be insufficient to penetrata But it is a very different 
thing when water moves with so great a velocity. 

The principle of the Gitfard Injector is applicable to othaf 
purposes than feeding boilers. It makes a good pump iix 
Rhalluw reservoirs. It would make a very powerful Are engint 
It could be used to drive light machinery, by tljrowing its jet 
into a turbine wheel running at a high speed. I have used it to 
propel a toy boat — not very satisfactorily, however — having a 
small copper boiler heated by a spirit lamp, and throwing its jet 
back under the stern. 

Nothing has been said, in this discussion, of the construotioD 
of the apparatus, nor was it necessary, as I presume that U fa 
miliar to all engineers. I have aimed only to develop the priu' 
ciple. It is a very beautiful invention. 

Tuscaloosa, Ala. H. S. "Whitfiei 

19. Witeori's Doftltey Pump as exhlldttd at Hacre.— 
Al exa n der "Wilson & Co. of Vauxhal! Iron Works, Wandswortli 
' Boad, London, exhibited several forms of donkey steam pumps fui 
supplying boilers and pumping water, Messrs. Wilson hxs 
introduced some improvements in the ariaugenient of tbea 
pumps, which are on Brown's patent. The connecting-rod h 
Broiffn's pump was bent; this arrangement had a tendency t 
I ' throw an indirect strain upon the rod and the crank-pin in thi 
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face of the fly-wheel. Messrs. Wilson obviate this, and bmu 
other ftdvantBges hy their very simple — and valuable becaa 
eiinpio — arrangement. To the pump-ram a stud is cast, projw 
ing at right angles from it, and working in a vertical guid 
The stud is brought sufficiently forward to admit of the low 
end of the connecting-rod to be jointed to it, in a line with ti 
crank-pin on the fly-wheel above, thus securing a direct line : 
action. By simply bringing the fly-wheel shaft, and the e 
centric-cam which works the steam valve, outside the st«s 
crank or casing, every facility for oiling is obtained. We gii 
in fig. 13 a section of this pump, in which A A is 
which carries at its lower end the pump barrel B C C, and at 
upper end the steam cylinder D D. The pump-plunger E E 
continued upwards, and carries the piston F F; and at its ceul 
a stud G G, the parallelism of the plunger being kept by t 
vertical guide H H. The outside end of the etud G carriea 
connecting-rod I I, jointed at its upper end to a face-pin J 
the fly-wheel K K. The fly-wheel spindle or shaft L L ia can ' 
by two pedestals M M at the top of the framing. N ia the 
centric fixed outside clear of the frame, and is the sUdo 
valve for distributing the steam to the cylinder D by the po 
PP. 

20. On Hie Generation of SIfatn. — We take from the ' En 
neer,' of date April 17th, 1868, the following excellent papei 
this important subject. "It is not a little remarkable that amil 
attention has been paid by engineers until within a eomparatiTe^ 
recent period to the mode in which heat is applied in the ge 
tion of steam. The crude idea first carried out in practice 
to place the lire under the boiler; and it evidently took its 
from the belief that heat possesses some inherent principli 
ascension, and therefore tends more forcibly to pass througl 
plates and enter water placed above a fiimoce than those locate! 
on either side. It is now perfectly well understood that 
principle of ascension has any existence, heat being freely radiated 
in all directions from incandescent fuel, upwards, downward^ 
to either side alike. We place our pots and kettles on the £i 
and in some cases our boilers over them, because the products 
combustion being highly heated and rarified, tend to rise. Bff 
if we can suppose that no atmosphere existed, or that the product 
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of conibustioa were heavier than air, then it would be better to 
place a boiler nnder a fire than over it, did not the behaviour of 
the water within render such a ajatem inadmissible. It is true 
that we cannot deprive the gases flowing from a furnace of their 
tendency to rise ; but it does not of neceaaity follow that heat- 
ing surface can be beet disposed in the top of a flue, or the bottom 
uf a boiler. Indeed, it may be shown that existing arrangements 
in which top surface is regarded as everything, and is made to 
play tho most important part, are by no meansi the best or the 
■■-*. conducive to economy which can be adopteii. 
' -.i.-ies conduct heat very slowly through their own substance, 
<.n- may be allowed the phrasa If a column of heated gas 
I'lald be sent through the Bue of o Cornish boiler without in- 
ducing any internal motion of its particles, so that the same par- 
ticles would be in contact at the end as were in contact at the 
begianing, the waste of heat up the chimney would be enormous, 
iiiii very little steam would be generated. If we suppose the 
■■"luiun to be made up of a series of superimpoaed rings, each 
1 ui. thick, tho outer ring might be cooled down to the heat of 
plates, and it wonid then interpose as so much lagging to 
'. .'lit any more heat passing to the water from the rings within, 
.rnctice, of course, internal motion goes on continually in the 
.11]^ of heated gases, and therefore fresh particles are brought 
::ist the iron. But it does not appear that in any large flue 
I !i.inge of place is sufficiently rapid, or the internal motion 
. die gaseous particles sufficiently energetic to permit all the 
[iBit to be absorbed by the boiler plates and water unless the flue 
a very long. In tubnlar boilers the diameter of the Hues is 
unally very small, yet even in them heat is so slowly trans- 
mitted from one particle of gas to another that much heat escapes 
iiili, under better arrangements, need not escape. This pas- 
reluctance to yield up heat displayed by the gases finds no 
llel in the case of steam. In surface condensers, for example, 
n resigns its heat so rapidly that the vacuum does not alter 
ich stroke; and 1 foot of surface In the condenser is as 
Jive in converting steam into water as 4 ft or 5 ft, of hoUer 
Mcv- are in converting water into steara, although the differ- 
in the temperature at opposite sides of the metal of the 
' ii greatly less than the difference which esists in the case 
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of the flue and gises. If ateom did not give up he 
tbtm the products of combBstion do, the surface 
be an impoasihility. 

Seeing, then, that the reason why gas yields 
sinjply that it is a noo-conductor, the course of the 
ueer is clear. As the particles of gas caunot give u 
unless they are brought in contact with the metal, h« 
care that every portion of the products of combustion 
the iron of the flues. This can only be cfiected by I 
the escaping stream of gas, and throwing it into eddies 
by obstacles placed in its way. In theory this 
by causing the flame and smoke to ascend through a 
with small horizontal tubes containing the water to 
Such boilers have been tried but have not answered 
the circulation of the water citnnotbe maintained proi 
very email horizontal tubes. This class of generator 
erally proved economical in fuel, but liable to rapid 
by use, and an inveterate primer. Vertical water t 
Martin's boiler, answer far better, provided proper 
UK taken to free water circulatioa within tbem. T7i 
skill is manifested by the designer, however, it is 
prevent the gases from rising towards the upper i 
water-tubes, which are usually filled with foam not 
lated to absorb heat. The only way to prevent this 
consist in contracting the araa of exit, so as to compel the 
to till all the depth of the flue or tube-box. It cannot be 
however, that this expedient is quite satisfactory, and it 
that a thoroughly good boiler irith vertical water-tubes transvf 
to the direction of the current has yet to be produced, 
are several such generators in use, however, which, although 
quite perfect, are more nearly so as steam generators than 
tire- tube boilers in existence. 

In designing boilras of any type, and in setting tlieni, the €fc 
ginMr should never for a moment forget that in breaking up 
gas current as much a^ possible lies the great secret of econom 
generation of steam. I'lame bridges operate beuefictally for i 
reason. Galloway and held tubes act still more efficiently. 
Cornish boiler should be ■without transverse tubes of at 
kind in tlie internal flue, and no cylindrical boiler should be ex- 



ternalty fired. It iniist not be foi^otten, however, that positive 
mischief may be done by these tubes if they are improperly used, 
simply because they are bo effoctiTe that they cool down tba 
gases before combuation is perfect, and then smoke ia produced. 
With proper care tliis risk may generally be oToidel Probably 
better teaulta would be obtained in connection with such tubes 
by constructing the furnace in the shape of a brick oven at one 
end of the boiler, and leading the gases in the state of vivid 
cotnbuation into the flues than in any other way. The brick 
furnace would not coo! down the gases too suddenly, and smoke 
wnuld become an impossibility. The aeheme has already been 
trkd with some success, we believe, and we know that it deaervea 
i.ii're notice than it has yet received from oaers of steam power." 
21. Goventmetit Tests for Boiler Plates. — "Before proceed- 
■:j," says a writer in the 'Mechanics' Magazine,' under date 
V i^Tist Hth, 1868, "to the immediate subject of boiler plate 
^srts, it may be as well to say a few words on the final process 
iif iiianiifacture as bearing upon the ultimate results of the test- 
ing. After the puddling has been completed, the iron is removed 
't in the furnace in. an irregular form, taken to the ateam bam- 
■jt, and there hammered ; it ia next passed through roils, 
.1 rolled into slabs from about 12 ia to 18 in. wide and 1^ 
in. thick. Sometimes it is rolled in the form of narrow bars 3 
in., 3^ in., i in., and sometimes 6 in. wide, for the purpose of 
I tiDffi-piling with the wide bars. These slabs and bats are then 
H itkea to the shears, and cut into the required lengths j the 
W lengths are now taken to the rolling mills, and tbore piled ac- 

■ Mrding to the size of plate required. The nairow-bars are cross- 
B pled with the wide bars, with the view to obtain a better re- 
B Hit upon testing. But great objections exist to this practice, 
.■ fcr, whUe the pile ia being rolled down, the joints of the narrow 

■ tare appear to open, and by eo doing the strength of the plate 
Aiiinjured rather than benefited by the process. From a very 
^Ukrt number of experiments which have been made by cross- 
i^nig narrow bars with wide ones loosely placed together, and 
^Kbniih piles made solid (which had previously been cross-piled), 
^Dl demonstrBted that the advantages gained by the latter pro- 
M^feiaiitDiuit to about 7 per cent, for tensile strain, the hot and 

■ BSlbilgo testa being in the same proportion. 
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Tn many iustancea complaints have been made liy the 4 
' of boiler plates to the effect that the Governnieiit tests | 
severe to insure good iron, by reijuii'iiig them to s 
which shall stand a tensile Btmin of twenty-two tons [ 
inch lengthways, and eighteen tons per equare inch era 
the plate; also a good hot and cold forge test. In 
has been snid that the plates cannot be subjected to a 
strain without injury to the plate, with regard to tho i 
tests. It is, however, a well-known tact that iron plates fl 
made to stand the forged testa required by the Govemnt 
a tensile strain of twenty-six tons per square inch 1 
and twenty-one tons per equare inch crosawaya of thi 
care and attention on the part of the makers. The tx 
by the Government with regard tn framing a code of t 
which plates of a certain thickness and quality must I 
bending both hot and cold, witL and across the g 
their being received at the dockyards, has been the i 
ing the attention of the makers to the reqairements of t 
ernment, whereby a better elaas of iron is now obtained i 
othenyiBe would have been. But a very few yeara g 
only result the makers sought to obtain was a high tensilftiil 

The methods of testing iron plates for tensile strenj " 
very materially, according to the views of tlie different j 
employed. Some hold that pieces cut out in a circular fi 
the best for the purpose ; others, that pieces cut with j 

■e preferable, and while some hold that the leng " 
piece taken for testing is a fair sample, others think it u 
80 on, each trying to secure the advantage of tlie result of i 
test. From experiments madu with circular and parallel-sided I 
pieces the difference was fiund to he very great. The ex- T 
■periments to which we here refer were carried out as follows: — I 
A certain number of pieces were prepared in a circular form, and I 
a corresponding number in a parallel-sided form, both with sod I 
across tha grain. The pieces of both shapes so prepared varied I 

I in diameter from 1 in. to 10 in., and the average of the results I 
in every length that was tested was in every case in favour of I 
the circular pieces. It will be apparent that when a parallel-sided I 
piece of iron of any length is tested, the chance of its breaking I 
at a point other than the centre, when the full strain is applied I 
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(iir even nnder tbe required tensile strain), is in proportion lii 
tbe length of piece tested, in consequence of the strain being tlie 
more likely to fall into a weak part of the plate, and also owing 
to the elongation of the plate. But when the piecea tested are 
tircnlar in form, the probability of their breaking at any other 
part than the emalleBt is done away with, aa the piece must 
break exactly at the smallest place to obtain the correct bnjaking 
itrain. It will thus be eeen that, in testing iron, pieces of a cir- 
enlftr form have a decided advantage over pieces of similar length 
of n parallel-sided form. It is evident that this must bo tlie case, 
for pieces of circular form have a greater hody of iron behind the 
imdlest part of the cirde, which supports the piece while under 
Wry strain i and, further, pieces of circuhir form have a greater 
area of iron to support the weights when applied, and thereforo 
XK not so liable to elongation as parallel-sided pieces. Some 
maDafacturers are of opinion that 1 in. in width, whatever the 
thickness of the plate, was sufficient to test the quality of the 
iron; on the other hand, others have preferred a much wider 
piece, each being anxious to obtain a better result in the tests. 
HiB following table shows the result of a number of experiment* 
•hich have been made in order to ascertain what, if any, advan- 
ce would result from testing iron in broad pieces, over other 
pieces of a much narrower width. The test pieces varied in 
width ftom one to eight inches. 

These experiments prove that tliere is a very great difference 
in the result with regard to the width of tbe jrieces tested. The 
'""irae adopted by tbe Government in testing iron for l«nsj]f 
:i'<iixi is to take a plate indiscriminately, and cnt it by planing 
■ ;tny part where it is thought most desirable, other than the 
■il^e; for instance, about a foot from the edge. The pieces 
:irK planed out so as not to contain less than one square 
inch in section; they are pavallel-sided, and are held between 
the nippers, not less than 6 in. in length. In some works, 
tbe testing of the shearings from the plates is considered a 
sufficient guarantee of tbe quality of the iron. As a matter of 
course, it is the cheapest, but it is very far from being a satisfac- 
tory test There can be no safer method adopted than cutting a 
piece from the plate, ahoat one foot from tbe edges thereof, the 
same Itdng prepared with parallel sides, and this will ensure 
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botli to makers and consuinera a good quality of iron. Wifl 


icon is put upon its merits for tensile strain, the pieces tO' 


operated upon should in no case he prepared hy punching tl 


from the plates, but hy planing. From what we have &b 


stated, it will be seen that the practice of testing iron in H. 


dockyards is baaed upon principles which will ensure the I 


materials being used in the service." 
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23. Boiler Explosiom of 1867.— "The reports of two of 


Builer Insurance Companies," says the 'Practical Mecliai 


^^^ Jonnial,' " of late years which have sprung up, viz., that of 
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before l^^^^H 
cs, and ai^^^^H 



;lie National Boiler Inaurance Co., both for 1867, 
Both are by the engineeta of their respective companies, 
creditable to their authors. 

The report of Mr. H. Hiller, the engineer of the second above- 
aBmed company, ia well classified and arranged as to the natures 
it the accidents (as tb.ey are charitably termed), and suggestions 
Tor prevention. In his district there were forty-two explosions 
Jnring the year, resulting in fifty-eight persons killed, and eiRhty- 
one ierioufily injured Of the forty-two explosions jnat one-hd^' 
or twenty-one, were due in equal proportions (seven to each) to 
external corrosion, overpressure, and maluonstruction. In other 
words, one-half the accidents, each of which cost in round num- 
liers one human life and a ha!^ were due to ill-made, or ill-worked 
or worn-out boilers. 

Mr. Edward B. Marten reports as engineer for the Midland 
Steam Boiler Inspection and Insurance Company. His claasifi- 
cslion is not as elaborate aa in the preceding case, hut the report 
ia rendered practically valuable by a large number of well-executed 
»[iud-cut iUuatrations of the chief cases of exploded boilers,* 
vliicji indicate clearly and suggestively the nature of the forces 
tnncemed 

In this district Mr. Marten reports forty-eight explosions with- 
lu the year, causing the death of seventy persons, and the griev- 
ooa injury of eighty-eight others. Of these forty-eight explosions 
on less than twenty-seven are attributable to malcoustruction 
(fifteen), overprpssure (five), or being worn out (seven). These 
(totistics would be of very much greater value if it were practi- 
ctble, as no doubt it must he, to ascertain the total number of 
bmlers of all sorts in the area over which the report extends. 
As it is, we are quite unable even to guess at what may be the 
percentage of boilers which blow up within a given area, and 
within the year, in proportion to those that conduct themselves 
with greater peacefulneas and propriety, But though we cannot 
reach this, wo have fiu more than enough here to prove the fear- 
ful though silent and almost unnoticed sacrifice of life and limb, 
ind the terrible amount of misery to survivors produced day hy 
bf, in those regions where steam power is in much use, and the 
fiifale and undeniable neceasity for extending to our country 
^B • See the next articli!. 
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Ny tlie eame sort of law, as to government regalatioiia 
inspection of boilers as of all other trades and inatTamenti tt 
endanger life and hcaHli, 'which has so long and so benefinU 
existed in Germany and Francfi. 

It ia appalling to cast the eye hack upon the human hobeu 
that is yearly slaughtered, through what we are pleased ta o 
accident^ in connection with traffic and manufactures in tfaa ^ 
British Islands. London street traffic produces its mora Ilk 
300 victims; probably as many more could be found had wo d 
turns from all the rest of the great towns; the railways give Vi 
■bout half aa many, we beheve; the mines and collieries averRp 
about 1,000 yitr annum; shipwrecks we shall not meddle with, BM 
accidents hy lire. Here, however, we have steam boiler explosioiw 
alone reaching in two small districts of England, nearly 130 
killed per annum. Had we returns for the whole of the Sritish 
Islauds, we shall probably not be far wrong in assuming that 
from 360 to 400 persona are killed, and doable as many maimed, 
by boiler explosions every year. 

Now, whatever may be the case with regard tn losses of lifs 
through city and railway traffic, and that upon the seas, and « 
to which, no doubt, we must admit the furce of the remark with 
which the world in effect coollj dismisses these, viz., that ' we oan'l 
make oraelettts without breaking eggs ; ' it admits of no doubt 
that were supervision of our mines and collieries not a make-be- 
lieve, and, to use the vernacular, a humbug, but a reali^, 
by having an adequate number of able and efficient mine in- 
spectors, and paying them so well, as also looking after them 
so well, that their duty should be rigidly and impartially done, 
and enforced on others, then might the number of accidents h 
mines and collieries be vastly diminished, and brought down much 
below what is even the continental coefficient of death in the pit 
Eut as regards steam boilers, it is obvious to common sense that 
under a proper system of supervision and control, loss of life 
could be made to cease absolutely and totally, excepting ij 
veiy few cases which would remain, as justly coming under the 
category of accidents properly so called; namely, explosions due 
to gome fortuitous event, or combination of events, such that 
human foresight, as ordinarily well exercised, had not been able 
to guard against. 
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I A few such eventg must always be etpected ; but to call such 
fsplosions of domestic kitchen-Gn! builera (kitl- 
I their own healths) aceidenU, because these 
1 made hermetically close vessels, otherwise than 
valsr-pipes and the out-draft cocks, and which 
has about as much sense in it as it would he 
a vho had deliberately hghted a grenade, and 
!j(pl()ded, had been accidentally killed 
uiufactory boilers are quite in the same category ; it is 
mj that the chain of causation is here and there a little 
r, or the links in il a little more out of sight ; the nature 
} as plainly matter of mere foresight and habitual 
itchfulness and caution in one instance as in the other. 
I We have no wish to say one nord against the existence and 
k of these boiler insurauce companies, unless it he so far as 
ir existence may tend to blind the vision of the public and 
m legislature to the real neceseities of the case. But ve do 
idiesitatingly affirm that even if such companies were spread 
IT the length and breadth of the land, which ia not possible, 
i were greatly more on the increase iu efficiency and in suc- 
*Eea tban they are, or ate likely to become, viewed as what 
ihey really or mainly are, mere financial associations looking to 
( money result, they never could produce any serious or suffi- 
cient reduction in the amount of steam boiler accidents. The 
leaaon of this is not far to seek; they are mere voluntary asso- 
ciations, devoid of the slightest power of control or of compul- 
sion beyond that almost nominal amount that is supposed to 
jprimg out of the mutual moneyed interests of the insurers and 
iif the insured. The real cases that demand inspection and con- 
B jnst those where insurance would always he viewed as 
df qaite secondary importance, 

- A needy or reckless manufacturer who had had a boiler rn- 
", and whose financial or other circumstances strongly in- 
'^-'dneed him to work it after it was dangerously worn out, or to a 
higher pressure than was safe, would not alter his course, or very 
probably would plead that he could not, because the boiler in- 
sarance company refused any longer to insure for him ; he would 
take the risk and the consequences, because the unseen and pos- 
sibly never to occur danger of explosion was a less present evil 
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to him than to stop work, and go to the expense of a new btulei; 
witti an already overdrawn bank account, or to be late with ^ 
completion of orders, the fulfiluieiit of wbieh alone could abm 
off insolvency, by working his inadequate boiler to a higher prw 
sure than it was intended for, or was safe at. 

These are extreme instance? possibly, but there are thouaanda 
of cases in which more or lesa of such overmastering motivei 
prevent volunteer assouiationa, like these boiler assuraneee, from 
being much more than fine-weather guardians. At the vaij 
most, all that can he said for them is, ' This ought ye to havi 
done, but not have left the other undone.' There is not any 
objection to be urged againat there, except they never can » 
ault in any considerable good, nor fulfil the functions of state 
controL That, we affirm now, as we have done long ere now, 
oDght to be without delay extended by the legialatnre over evaiy 
steam boiler in Great Britain. 

The writer of this article is personally cognizant of the nature 
and working of this state control in France, and more minutdy 
and fully of that in Prussia, and can testify that it produces no 
annoyance to the manufacturera Or to any other class, but^ on 
the contrary, is recognized by all aa a most wholesome and 
beneficent safeguard. It is in both countries a real rojiirol, not 
a mere useless doing of the goose step of supervision oi inspec- 
tion, without any power beliind, as is the case with our railway 
inspection under the Board of Trade. At the design and 
creation of the boiler, the engineer or boiler maker is not harassed 
by any vexatious interference with his arrangements or propor 
tions ; the State tells him that the science and experience of its 
engineering advisers have pointed out certain proportions as ad- 
visable : he is not hound to follow them, but before the bsiler, 

m made, can be set to work, the State, through its officer, 

)S in, examines and proves it, and, if all be right, certifies 
that it is so, and gives authority to go to work. Periodical inspec- 
tion then must be submitted to ; the intervals ore not long ; tba 
inspection is not a sham; it is a real examination, and, if need 
be, a repetition of proof and a renewal of the formal certificate^ 
permissive of work. 

If any repairs, however trifling, he required to a boiler, a simpU 
form of notice must he addressed to the nearest communal in- 
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epector. who, thm iiiformtid, uses, his cwn discretion wliethnr Ije 
shall require the parties to enabl& him tu exaniiiie the boiler after 
tfie repair and before it goea to work i^in. In whatever in- 
rtacces these formalities are fulttlled, the manufacturer, or coal 
owner, or miner, has really no trouble, nor is a tlelay of an hnur 
needlessly given him, for there are plenty of inapectore at hand. 
Hid thesQ are competent men. Bnt if the recklesa or impatient 
fflan should try to evade the law, he is very soon funnd out, and 
finds out his mistake to his cost. The writer knew of an on- 
tire colliery in Westphalia being stopped and kept idle for forty- 
einht hours in consequence of the managers having executeil a 
repair to the steam-chest, common to all the boilers of the winiling 
i^ugine, without having sent in the customary notice to the dia- 
liiet inspector. They had done so before, and equally cause- 
leaaly, and the inspector determined to read them a lesson. 
Adequate means are always at hand to find out what is going on 
oi this sort j and so the managers on the same Friday that the 
repair was completed — it only occupied about three hours — were 
itvlled by receiving a prohibition lo work the boilers until after 
ttioD again. They went personally to the inspector to cry 
:ei', and get their sentence, if possible, commuted ; but the 
:tor, it was found, had gone to tmother and more distant 
of his district to examine new boilers, and they niiut now 
hia return. 

Here, now, is a salient example of that ' pestiferous interference 
irlth private rights and actions' that makes such fine stump 
'ratory and newspaper writing against 'paternal governments' 
iL the mouths or &om the pens of Englishmen. But is the case 
;n: of any real hardship 1 those that will break the law, which 
L- lor the protection of all, have most righteously to suffer for 
'ioing so. Which is best^ that those who deserve it should so 
suffer, when more regularity ia obedience proves tliat its yoke is 
easy and its burden hght, or that those who don't deserve to be 
injured should be left at the mercy of those who are ignorant, 
reckless, or grasping, and thereby try to evade tlie law J 

The inspection, too, is, as wo have said, a real one : tho staff of 
inspecting officers, the ayatfim of notice, examination, prooi^ re~ 
cord, and report, are not of the beautiful hap-hazard sort, so 
characteristic of every iuBtitutian, almost, in this '&ee and in- 
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dependent nation.' It has all been thought ont and 
with the foresight and miedom. that belong to the legislative 
anil social arrangements of France and Germany. Each smallest 
district inBpector ia himself inspected, and has to report to 
ofiicer above him ; and, finally, the whole of the official gystem 
condenses its annual results aiid reports at head quarters, and 
goveminent haa before it at a glance the entire workings. Not 
is the steam-boiler owner left by the law at the mercy of a 
tankeroua or exacting, or po^ibly venal, inspector; he has hia 
power of complaint, of investigation, and of remedy, if jnatly 
mandable, close at his elbow. In effect, nothing can work better 
01 more smoothly for all coacemed than does the system in 
Prussia, and we believe it does so nearly as well in France, 
though in the latter coantry the law is in some few respects a. 
little more exacting, and the power pnt in the hands of indivi- 
duals rather more stringent. At the present time, when the pub- 
lic mind is busy with the important— we admit, mai-e important 
— subject of education, primary and technical, it is not amiBS to 
urge the necessity of legislatively taking care of the bodies of the 
working class as well as of their minJa ; and now would fee a 
most suitable moment for a complete reconsideration and eon- 
solidation into an adequate and. symmetrical form of our mine in- 
spection, our factory inspection, and of a comprehensive system 
of inspection of all that cornea within the scope in France of 
' insalubrions or dangerous arts or manufactures,' including in 
this steam-boiler inspection. It would be now easy; in some 
year to coma, if these boiler insurance companies multiply, rested 
interests will arise in them, and petsonal opposition have to be 
encountered, and difficulties, which as yet scarcely exiat, will have 
to be met in Parliament. We do not think these companies are 
likely to extend very fast; they have not done so as yet, and the 
more they shall, the more their utter incapacity to deal with the 
evils will become apparent, 

'During the past year,' says Mr. Hiller, 'four instances haTe 
occurred where explosion has been ascribed to deficiency oS 
water, and blame thn)wn on the attendants who leere kUled. 
these cases I believe that the juries (coroners' juries) were entirdy 
misled by the erronous cbaraeter uf the evidence. The chid 
officers of this and (>ther inslitaticnB are always ready to leodei 



BoiLnExP.] BOILSB EXPLOSIONS OF IWl. n 

■ 11 services in matters of this kind, and in the interest of both 
J Att owners anil of tke public generally, it would be well if nil 
nses of explosion were investigated by thein, or some one uf 
equal experianee, in order that tiie juries may not be led into re- 
tnniiiig mietaken verdicts.' 

^Vbiit a picture is here dimly seen in Mat-o seiiro of that 
time-honoured institution of ' crowuer's quest law ' — an old world 
ihizig utterly incompetent to deal with the complicated questiDna 
<1 -science and practice, that those so called 'accidents,' <i3 well as 
tiiuusand other incidents arising ant of our modern arta and 
i.iinifflctures, are daily giving riae to. Somebody is to blame in 
i^.irly all of these ; what chauce is there of getting at the truth, 
nim twelve men picked up at hosard out of the highway, are 
tuilul upon to decide what, if honestly spoken out, may influence 
■be pockets or reputation of those neighbours whose wealth or 
mnnection, &e;, influence tliemi How is truth to be got at 
Aisa these mostly illiterate men have 'scientific evidence,' or 
'\\aX is often far worse, the dogmatic unreasoned dicta sworn 
liffiire thera of so-called ' practical men ' — ' men in the trade ' — 
' men of great experience,' aiid so focth — who are produced eome- 
times much at haphazard, but more commonly ' to order,' hy one 
jiarty or the other of those implicated, and who have looked 
ibout for exculpation I'or their retainers % 

Doubtless the evidence of competent men, holding known po- 
tjtiona, such aa Mr. Hiller, or Mr. Marten, or Mr. Fletcher, would 
bo greatly to be desired in place of this. But is absolute impar- 
tiality to be surely anticipated in all cases from engineers who 
have clients in these hoiler companies who may get into scrapes, 
as well as those whom they have no anterior relations withi 
We are all fkllibie, our minds are easily warped more or less too, 
iti dealing with questions as to whi'ch we have been known to 
have enunciated &xe<l opinions, and to have publicly acted on 
Jeclared maxims more or leas correct, 

Here then are many and grave grounds for taking tlic investi- 
^tion of boiler explosions and acciclents, if not away from the 
coroner altogether, at least making him take for his examinations 
ta to fact, and for hia assessors, thoee ofliceTS of government in- 
tpectioD whose appointment we ni^, and who should he by po- 
ution ae to district, as well aa by scientific and social station, 
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above the reach of any local or of any other deflecting influence. 
One sentence in Mr. Hiller'a report alone ia aufficieiit to show 
the entire inadequacy of the ' Toluntary system ' of these boiler 
companies, even in auch a close, dense region of steam, and amidst- 
so intelligent and Hvely a popnlation of manufacturers as that 
about Manchester ; — ' A large number of firma Lave not yet in- 
sured, nor placed their boilers under the inspection of any com- 
pany, chiefly, I believe, through a misapprehension of our advan- 
tages. I beg to remind those owners that our inspection is not 
intended to anpersede their own care, or that of theii' servants, 
but to assist them in every way. Where desired, we undertake 
the periodical inspection of boilers without insurance. I trust 
that all boiler owners will, by their voluntary action, procure 
such inspection of their boilers aa will render unnecessary that 
government interference which baa so often been recommended' 
Just so; 'the voluntary syatem ' here, as everywhere else, in 
education and the rest, proves a foilure. It is mighty good where, 
and so long as, 'the wishes are father to the wills,' of those who 
employ and applaud it. But let the former run counter, and the 
Yolunteeriug becomes a rope of sand. So it ia with the boiler 
owners. It ia just those who most need inspection that dont 
wish to have it; just as tlie bricfcmaker who prefers the ahilling 
or two a week he gets out of his children of seven or eight years 
nld, compelled by liim to drag wet bricks when they ought to be 
at school, prefers the voluntaiy system, and deprecates any gov- 
ernment interference. But state supervision, and within just 
and miid limits, state compulsion, are jnst aa much wanted, and 
would be as wholesome in the one case as in the other." 

33. Boihr E^lodons in 1 867.— Throngli the kindness of Mr. 
H B. Marten, the engineer of the Midland Boiler Association, 
we are enabled to give here the following portion of his report 
for the year 1867, with illustrations. 

Javatary 2cl, 1SU7. 1 kHM, I injurtd. 

A small boiler to heat a bath. It exploded, causing great 
mage, because the connecting -pipes were frozen. All sucli 
joilera should have a proper sal'etv- valve. 
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I Hiii (Fig. H.> Janwiry id. 3 



Fig. 14. 

'luiu cylinder, 33 ft. long, 6 ft. iliametpr, 33 lb. prestuie. ~ 
ill ^t twu (kyd, but was old aod deteriorated, and had worked 
i ri? at another placi;. It bad been turned i round, and old 
nn^'-boles stopped. First reut was supposed t<i be in a seaiii 
: Iriitit end over the fire. Main portion of abell was liriven 
I ji, and front end forward, and torn in its flight. The Ciiurie 
.' explosion was, that the seam in frout was over-heateil ami 
iijjnreil, and also incautious working without a. ateatn-gauge. 

No. 3, (Fig. ]fl.) JaiiunTii Id. i Hlled. 4 iajaTr.1 
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Fig. 15. 



e eJtletnally fired, 30 ft. lung, 6 ft 6 in 
diebed ends. Tube 2 ft. 9 in. diameter, slightly ovai. Pressnre 
60 lb. Tube collapsed sideways from end to end, because it waa 
not strengtbeiied by hoops or other means, which were the more 
needed because it was slightly oval and the longitudinal seams 
were nearly in one lino. 



BS EROnHEERlKO PACTS. 

Nn. 1. January 3d. 

Boiler lov beatlog apparatus. Fire was lighted without dc 
that, aa there was na safety-valve, all escape of steam we 
vented by the connecting-pip ea being frozen. 



No. 6. ■ 



January SIh, 



Cast-iron boiler for heating water for a horse Bhowerbt 
fixed behind an ordinary fite-place. Burst, and caused p 
dauinge, owing to the pipes being frozen. There wna no safetjh 
valve. 



No. 6. 



JanMiry 16Cli. 






Kitchen boiler. Burst, atid did great damnge, because p 
rere frozen, preventing escape of steam. There was no Ba&Xjt 




Plain cylinder, 30 ft. long, 6 ft. 2 in. diameter. 
30 lb. to 35 lb, Eent into four pieces, which were flattened'o 
and scattered on to other hoilei's, but are arranged in sketch a 
as to show their original position in the boiler. It liad w( 

Kery lung time, and wns overheated and injured alnnf 
ftvctured line. 
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'1. a. (Fig. 17.) JcmiuaySOth. 2 kille<t, 2 i^fiavL 




Elephant boiler, 16 ft long, 5 ft. diameter; tubes, 1 ft. 10 in. 
I'.iameter; 45 lb. pressure. Flat ead blew ont, throwing boiler 
iipirards by reaction, but shell and tubes were not injured. Thu 
flat end was not sufficiently stayed, having only one stay-rod to 
Llie centre, the bolt of wfhich was broken. 

Nn. S. Jimuary 23rf. 1 Hlleil 

Kitchen boiler. Fire had been out some days, and the boiler 
barat soon after rekindling it, and did much damage, because the 
Bnpply-pipes were stopped by froat, and there was no safety-valve 
far escape of ateam. 

Ko, 10. Janiiary 9lh. 1 killed, 3 injured. 

Kitchen boiler, which hurst because the snpply-pijiea were 
stopped by friwt, and there was no safety-valve. 



Small boiler to 6 horse power engine. Gave way at centre of 
furnace, and water forced oat at hotli ends, and it was suspected 
that the water was low. 



felmiary 1 1 (A, 4 iiiJuTol. 

ft. long. Tube, 3 ft,, unstayed. Tube 



No. 12. (Fig, IB.) 

Cornish, about 
collapsed sidewaf^ aad was Kat from grate-bars lo eni, 
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iujuriui; front plates or ateU. It was said to be short of wi 
but most likely the true cause was the weakness of the tube. 



^m 



Agricultural, 45 lb. pressure. Fire-box blew olf, and the out* 
shell seporatod fronj it. The cause of explosiou was ovep-pie 
sure from the safety-valve being screwed down. 




Agricultural, 45 lla. pre.ssurB. Fire-box and tubes blew 00 
llie cause (if exploBiciU was overpressure, as the safety.valve 
I tied down with string. 
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Uciliery boiler, 30 lb. 
wu standing, bnt 




Sent is two vUJe tbe e 



Fig.n. 



aM,iiv»>c. 



'Small plain cylinder with neailj flat audit, i tL 7 ia. long, 2 
il 4 ill. diameter ; plates ,^g'it inch. No emptyiii{;-plDg or teed- 
pipt, anil only b very small hand-hole. Front end kttacbed bjr 
"lislit angle-Iron, which gave waj, leaving the Bbell iroiiioiTed. 
Tut (au^D »f explosion waa the internal conodon of front end, 
"I'in^' to very bad water bein^ naed. The platea were rednced 
I" 'i knife edge in line of fracture. 



.17. iFig. S2.) 



April 10(6. 



1 Htlai, ] lAfumi 



Hcornisb, on 




FiK. 22. 



t tube 32 Et. bng. fi ft. diameter; tubv- 3 ft. 10 
in. di&meter; pktea § in.; preeeace 35 Hi, to 40 lU It ini-s 
twenty yean uIU, but juHt repaired und reaet. Furnoce-tubo 
biled, and cullapaed from nne end to the other, except about i ft. 
jf front, owing to its weakness, being un strengthened by lionpa nr 
tti oaa tobee. 



No, IS. (Fig. 33.) 
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Fig. 2S. 

Plain cylinder, 3 ft. 2 in, long, 1 ft. 8 i 
(■■'jtU in. ; pressare 30 lb. 'Workinauahip and material Teiy in- 
ferior. Piece of top ripped out from manhole, and allowed K 
lid to blow out tbrough miuiLole. The canse uf the explosi 
was the large manhole and over-pressure. The Baffitj-vaive B 
too small, and very roughly made. 




No. 19, (Kg. 24). 



May ions. 




Locomotive, 130 lb. pressure. Barrel blown away and b 

to pieces, leaving fire and enoke boxes. The cause of tlie ejj 
plosion was supposed to be tLe strain on the boiler caused by ^f 
being maiie a stay to the frame without allowance for expansion 
and thereby weakening a horizontal scam 

No. 20. (Fig. 25.i ^fny 18(4. 



lube 20 ft. 6 in. long. 5 ft ^4 in. diaratter; tube 
; plate3 ^ in. ; pressure C4 lb. ITieends a 

I' collapsed for its full length, every joint being broken. 

'» nf explosion was had constnK'tion and workmanship, 

if toci weak for p 



t29.) 




i, externally fired, 30 ft. liing, 7 ft. diameter; tubes 



, S ft. 4 in. diameter ; pressure 50 lb. Two plates lately put a 
Iwttoii) gave way, Htiil shell rent alitng licttom aud upenwi tH 
dividing into several pieces, which were scattered to great diat 
lint are ari'anged in ftketch ao as to show their original positidi 
The cause of explosion was toy frequent repair over the fireplm ' 
anil external tiriiig, 

Ko, 22. iFig. 27.1 April 20(A, 1 l~i/.kd, 2 
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|Nd. 33). FlBiacjlioder, 6ft. long:, 3ft. Sia.diaiuHrr; platen j 
K pressure 90 lb. The end blew out from exccseJvu pi¥.saure, u 
iescap« from tbe safety-valve yr^s prevented b; a plug in the 

, lialloon, 3 2 ft. dianieter ; pressure, 5 lb. Bottom blew 
ind Wtts toru in pieceis. MaLn portion of shell fell over oo to 
Mher Iwiler. The osase of explosion was ileep corrosion along 
Ib bottom where it rested on tbe brickwork. 



kU. (Fig. 29.) 



jiUg nth. 



3 killfd, 




I One-tube Coniisb, 26 ft. long, 8 ft lOJ in. diameter; tube, 5 
k diameter for 8 ft. 6 in, of front end, tapering to 4 ft. diameter 
■ back; pressure, 30 lb. Rtnt along bottom, allowing central 
ig of plates to open out The whole boiler was thrown aome 
tance by the reaction of issuing contenta. Tbe cause of ex- 
n was coiTosion at midfeather wall, the plates being little 
ir than paper. 



i. 3S. (Fig. SO.) JuF-t/ mh. 
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Two-tube Cornish 31 ft. long, 7 ft. diameter; tube, 2 ft, 7 in 
tapering to 2 ft, ; pressure, 55 lb. Lel't-Limd tube cuilapsed, a 
about the centre of collapse plate was torn in two pieces Iron 
seam to se^m. The cauee of explosion was overheating, becaua 
the water was being let low before all the lire was out. 

No, 26. (Fig. 31.) July lAlh. 1 injured. 




Locomotive. Siiie-plate in the upper part of high top fire- 
box blew away. The cause of explosion was most likely the 
boiler being made the frame of the engine without allowance for 
expansion. 

No. 27. January lltfi. 1 J 

Cornish, 12 ft. long, i i'l. 6 in. diameter; tube, 2 ft. 4 in 
diameter; pressure, 40 lb. Small piece of plate was blown out 
near the bottom, and the boiler was displaced by the rpaution oi 
issuing contents. The cause of explosion was extensive extemi ' 
corrosion on the lower part. 

Nn. SB. Febrwiry l5tJl. Xtmc wijaved. 

T^^■o-llued, 28 ft. long, 6 ft. 9 in. diameter, slightly oval ; 
plates tin.; tube, 3ft, 8 in. diameter; pressure, 45 lb. 
had once bppn externally fired. Eent along the acams, whiel: 
were in one line, and a large piece of the plate blew away, lea 
tubes uninjured. The cause of explosion was defective form ani 
it state of shell. 




Fig. 32. 

mish, 18 ft. long, 4 ft. 9 in. diametef ; tal)e, 1 ft, C in. I 

It } plates, I in- ; presaare, SO lb. There weii: uo stays. I 

I plate blew out while being canlbeil at a jump-joint in back | 

Tiia cause of explosion was bad construction and ', 

X of stays, and also want of proper core in working. ( 



Oelubrr ilh. 



rt'l. 



Waler beater made of lar^ bottle-shaped pipes placed in 

I tlicfiue. The force of eiplosioD caused tht) neighbouring boilers 

)e unseated. No details have been obtained as to the cause 

BXplosioi.. 

" 5L {Fig. 33.) Octo&T Ilk. 




One-lube Comish, 11 ft. limg, 4 ft. diameter; plates, 
'nW, 2 ft Ij in. diameter; pressure, SO lb. Gave way under- 



I Death. Top thrown upwards. Front part and tnbe thrown H 
I the fronL The cause of the esplosion was extensive c 
the bcittoni where it touched the walls. 

No. 32 S^lembfr 2ii 2 in/mdi 

Locomotive, but no details obtained. 

N). 33. (Pig. 34). NavevtberU. 1 HiUd, I injui^J 




Plain cylinder, 19 ft long, 6 ft. dinniKter; pressure 40 lb. 
twae 36 yeaTB old, and iron deteriorated, and also much patched 
' The cause of explosion n'aa over pressure for so old a boiler. 



No. SI. (Fig. M.) Noeemier 60i. 2 killed, 3 uvww^ 




igh-^W 



Agricultural, wagon-ahaped, 6 ft. 5 in. long, 3 ft. high, 3 
Tji. wide ; plates | in, wide ; pressure 60 lb. Upper portion ol 
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ml blew off. The causa of tbe explosion was c 
m locked aafety-valve and defective const rue tion. 

35, A.'UffiiSi.&th, 1 killed, 2 iiy'wtd. 

I'lill partioulara are not obtained, hut the steam and hot v/atcr 
IV allowed to came in from a neigbbouring boiler tlmiuyb the 
n-off pipe while the men were cleanijig. 



M 36, (Fig. 



k 







lis- »a. 



Plain cylinder, 1 2 ft. 3 in. long, 3 ft. 11 in. diameter ; prcH- 
^iire 20 lb. ; flat front and round back end. Main portion thrown 
back, and front forward. Front torn all roniid the root of angle- 
iron, and atay-ri?ets drawn through flat end. Tbe cause of explo- 
.^iuB waa weakness of construction of flat end, and bad aafety-valve, 
irhich conid liave been loaded to 60 lb. 



.>. 3r. (Fig. 



',bcr Dill. 



3 iilM, 111 " 




Plain cylinder, '10 ft. loug, S ft, diauieter; platea ,^gtl) in.; 
presaure 45 lb. to 601b.. Parted at third aeftra,aiidiiont thrown 




Breeahes tube, 25 fl. 6 in. long, 7 ft. 6 in. diameter ; plab 
7-1 6th in. ; pressure 30 lb. Front end and fire-grate tubes u 
taper junction were thn>wii to the front in one piece. Main shsl 
not injured Batk part nf tube remained in boiler. Botton 
part of taper junction, where flattened to receive the two fire-tub« 
collapsed upwards. The cause of explosion was the want of p 
per stays or strengthening tubes, and consequent weiilcQf 
There was only one safety-valve of small size. 



No. S9. (Fig. 39.) 



3 killai, 2 injur 



One-tube Cornish, 11 ft. long. 5 ft. diameter; pressure 44 !h 
Tube gave way at an old crack at biick of strap-plate and purtiallj 



^m 
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Fin- W. 



Rain cylinder, 25 ft. loug, 6 ft, diameler ; plates 7-lfitli in.; 
ire 50 lb. Had been a one-tubs Corniab, but tube haii 
n taken out, leaviug fiat enda. Buck eucl waa blomi uut. 
'lull shell thrown forwards. Tbe cause of explosicm ivaa weak- 
ness of conBtruotion in not sufficiently strengthening the Hat «n<l 
to compensato for loss of tube. 

Ko. il. October 3lst. N''if utju.Tai. 

Ciirniah, 36 ft. long, 5 ft. 6 in. diameter ; tube 2 ft, 1 1 in. dia- 
: 1 t^r ; plates | in. ; pressure 30 lb. Tube coUapsed for want of 
■ iier strengthening hoops, blowing out back end and blowing 
bi'ikf forward. 



^S^ 



'Jne-tube CornisJi, 28 ft. long. 3 ft, diameter ; tube 4 ft. dia- 
il-r; plates § in.; pressure 28 lb. Tube collapsud for the 
iLile length, but no pai'ticulars of the cause obtained. 

1-3. Decembrr nth. 2 kilUd. 

Si.ime repair had been done to a boiler, and a blank flaa?p iis^^ 



EMOINE^tlNO FACTS. 

to stop otf tlie staiLm was being removBd without shnUuig Cli 
atop-vslves to the other boilem, and the joint blew out when ill 
bolts were loose noil. 




Fig. 43. 

One-tube Cornish, 18 ft, long. 6 ft. Uiameter; tube 3 ft. 2 m 
diameter ; plates | in. ; pressure 25 lb. Rent along bottom, id* 
two rings of plates blown awoy, but tubes and ends not nwd 
injured. The cause of exploaion waa extensive corroeion on lb 
part resting on the midt'eather wall 



No. 15. (Fig. ia.) Decem/uT aBii. 1 UUd 
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iilJoon, lift. 6 in. diameter, and 1 1 ft. 6 iii. Ligh ; platoa g 
Bottom domed up 3 ft. 6 in. over lira; ordinary prcsiure 8 
Builer had worked two days at 25 lb. preaaure, but sat'ety- 

>-e loaded to 16 lb. The cause of explosion was undue pres- 

; for an old Iwiler of such weak shape. 



Dei-Ainber Sdth. 



1 i-KQami. 



m-^-^ 



Fig. 14. 

Two-tube Gomish, 22 ft. long, 7 ft 2 in diameter, tu>le^ 2 
I. 7 in. diameter; pressure 15 lb. Rent along bottoiu, and abell 
blown away, leaving tubes and ends nearly uniiijaied. Ihe 
w of exploBion was that the bottom was corroded to a knife 
edge all along the midfeather wall 



Ko, ii. (Fig. 46.) 



piTcd. 
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Plain cylinder, 30 ft. long, 4 ft. 6 in. diameter; plates § i 
pressure 29 lb. Bent over fire neat wbero a new plate 1 
lately bven put in. Front part of shell opened out and tent,! 
hack end hlew away in one piece. The cause of explosion v 
deterioration from 20 yeatB* 'wear, and bad management. 

No. IS. SepCember 9Ch. none ii^ 

Two-flued, 40 lb, pressure. The cast-iron mouth-piece of m 
bole fractured from insufficient strength, and allowed lid a 
upper fiango to blow off. 

24. Coroners' Ingueeis and Boiler Explosions: — liead be6 
the British Association at Norwich by Lavington E. Eletchs 
C.E. " The most casual reader of the public cewapapers 
fail to be struck with the frequency of ateam boiler explooon 
and the great amount of life sacriiiced by them. Sometimei i 
mwiy as ten and even twenty lives have been sacrificed 
single exploflion. On referring to the records of the Aasociatio 
for the Prevention of Steam Boiler Explosions, ia operati 
Manchester, under the Presidency of Wm. Fairbaim, Esq., GE 
F.K,S., LL,D., &c., it appears that since the commencement 
1855 up to the 31st of July last, there occurred in different pa 
of the kingdom as many as 464 explosions, by which 789 perse 
were killed and 924 injuKd. This, however, is by no me< 
the total number of lives sacrificed. In the earlier years of tb 
Association's operations such complete records were not kept 
all the explosions occurring throughout the United Kingdom 
has been the case more recently; added to which there can 1) 
little question that some have always escaped its vigilance, so 
the whole number occurring fi'om year to year has never bee 
fully reported. The list just given, however, of the lives 
ficed is a sufficiently serious one to excite attention, while it mfi 
be stated, in. round numbers, that about fifty steam boiler oxplo 
siona occur on an average every year, resulting in the loss 
seventy lives. 

Explosions have too frequently been attributwl to unacconnt 
able and mysterious causes, so that they have been regarded b] 
some as catastrophes which science could not grapple with (i 
caution prevent The experience of the Association alread 
Jiamed proves, however, that " is totally incontc^ an< 
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:iiit esploeiooB arise frnm the simplest causes, and are petfecLl; 
vaiJiin the grasp of common knowledge and common care to pre* 
vent. Many exploaiona arise frcim the use of old wom-out boiltrs, 
whicli have been ailowed to be bo eaten away either by external 
or internal corrosioa that the platea have Iwcome reduced to the 
tliickness of b. sheet of hrown paper, when explosion has token 
ij'.KS at the ordinary steam pressure simply from the dilapidated 

■ iidition of Che boiler. Others arise from collapae of the furnace 
. I'OKS, through the neglect of the simple precaution of strength- 
-hmg them with encircling hoops, flanged seams, or other suit- 

■ '•h provision. Others, again, are due to weak manholes or de- 
:i i:tive fittings, while some occur through the carelessness of the 
iifodante in holding down the safety-valves, or neglecting the 
I'jWt supply. Whatever may be the precise circumstances of each 
■.:ise, the canse of every one may be given in one word, viz., 

■ijket, while the simple preventative is care. 
At the inquiries conducted by coroners as to the cause of ex- 
I i'jaiouB, the public naturally look for all the facts of the case to 
I ■; brought out so that they may not only be informed that so 
'iiaioy poor fellows have been biowa to death, and so much pru- 
perty damaged, but also instructed as to the true cause of the 
catastrophe, so that a recurrence may be avoided. These hopes 
•re, however, as a rule, grievously disappointe'i Ihe public are 
mi^uided rather than instructed, and instead of any practical 
cnggestioDS being given for the prevention of similar disasters, 
Aey are generally stated to be perfectly unaccountable and acei- 
daata], that no one ia to blame, and that nothing could have pre- 
TEDted the catastrophe. The evidence admitted is of the most 
•b&urd and frivolous character. In many cases, too numerous to 
lefar to in detail on the present occasion, witnesses are adduced 
to prove tliat the exploded boiler which has just bteu rent in 
fragments was a thoroughly sound one, indeed the best of the series, 
and perfectly safe at the pressure at which it was worked, or at 
uiie twice or three times as high, so that the explosion was per- 
ii.utly mysterious. On one occasion a witness attributed the ex- 
, .osion of a weak and mal-constructed boiler to wind in the pipes, 
:.[jduced by lifting the safety-valves ; on another occasion one of 
ilie witnesses attributed the explosion to the formation of an ex- 
^omve gas within the boiler, which, he thought, ha4 ^woAttcif,- 
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niU'd by a ll^ime from the furnace leaping through a crack inl 
pktes. In another cose au explosion yt&s attributed to tbe std 
of one boilei mixing with that of another at a different H 
aiire, vhicb, it was imagined, would form an explosive compoii 
Another explosion was attributed to the water being allowed 
riae two or three inches above its ordinary level, the witJ 
stating that " water waa very turbulent and would burst a bol 
much quicker than steam, adding that as the huikr was but f 
tidily clothed, he thought that atmospheric influences had a d 
deal to do witli the explosion in consequence of the boiler ba 
but half clad on a cold frosty morning. Many other aiml 
caaaa might be given, but these will auffice to show the cbaoq 
of evidence too frequently given at coroners' inquests as to I 
cauBB of boiler explosions. 

With such investigations it must be clear no progress caoj 
made, and fatal boiler explosions recur with sad couetancy. I 

There are, however, a few, though very few, exceptions toi 
rule i one of which occurred in the city in which this meetira 
the Association fur the Advancement of Science is now hi 
The explosion in question happened about two years ais 
killing seven persona, and laying the premises in which it | 
curred in ruins. The causa of this sad disaster was simply thatj 
boiler was a bad one though new, and made under special cf 
tract. This the jury plainly stated in their verdict, and ^ 
maker of the boiler had to pay heavy damages to the amod 
I believe, of £2,000. A few such verdicts would shortly j 
the country of boiler explosions, and it is in behalf of ai 
jilain and outspoken verdicts that this paper is written. , 

This paper does not by any means profess to follow t 
to the full the interesting and important subject of the ca) 
of boiler explosions, but to cull attention to the inadequacy! 
the investigations with regard to them usually made by coronf 
and to advocate these beinp; more searching and complete, j 
accomplish tliis the following plan is jiroposeii ; — | 

Let any coroner be empowered and instructed, when holdi 
an inquiry on a boiler explosion, to call in two competent | 
perfectly independent scientific engineers to investigate the uai 
of the explosion and report to the jury therson — these enginfl 
to visit the sonp fS the explosion and examine the fragmenlfl 



^^Balex, t" attand Hie inqueat, hear the evidence given by par- 
^^^■>iiGemf<d in the chaige at the boiler, and aid the coroner in 
^^^■Dting tbe inquiry ; while in addition, they should report to 
^^^Kther jointly or severalty on the cauae of the ezploaion, and 
^^^kiany their report with suitable scale draninga of the exploded 
^^^K abowiug ita original conatruction, and the linea of fracture 
^^^■d aa the flight of the parts aa far aa they can be ascertained. 
^^^Biqaeat to be open to the public under the control of the curo- 
^^^fad also to the presa, both scientific and general, so that the 
^^^B pFoceediuga may have aa wide a circulation as possible. A 
^^^Kcount of the inquiry, including the engineers' reports, ac- 
^^^Bnied with the scale drawings, to be printed and deposited at 
^^^^atent-office,' and to be accessible both to thn purchase and 
^^^Btion of the public, aa is at present the case with the speci- 
^^^Bns of patents. Also a report of each inquiry to be sent to 
^^Kembers of both Houses of Parliament as isaued. 
^^^■di a course, it is thought, would stimulate coroners to make 
^^Hiiiig and full investigations, and if at the outset incompetent 
^^^Kers were selected by the ooI^)ner, the publicity given to 
^^HpToceedin^ as recomTnended above would bricg them under 
^^^Eticism of the press and general engineering public, which 
^^Hhonght might bo rolieil on as a corrective. If full investiga- 
^^^Bvere brought to bear upon boiler explusitina and those 
^^^Buse^ who produce them by working on old worn-out boilers, 
^^^Rairly brought to the bar of public opinion, and compelled, 
^^^ftneceasary, to compensate the widow and orphan for the re- 
HK of their negligence, the mystery oi' boiler explosions would 
-■-'•-n be dispelled, and tht-ir occurrence put a stop to. 
The frequency and fatality of steam boiler explosions baa fre- 
i-iitly been used as a plea for a Government syatera of compul- 
iury inapection, and juries have frequently coupled with their 
Tardicts a recommendation to this etfect. There are, however, 
serious objections to this course. Such a system of inspection 
must necessarily be carried on by rule, and however wisely such 
a code of rules might be framed, and however liberally carried 
out, it would be impoaaible to prevent its proving a harass to the 
individual steam-user, and au impediment to progresa ; so that it 
should only be adopted as a la.sli resort. These objections would 
be avoided by confining Government action to investigations car- 
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ried out by means of coroners' juries consequent on fatal exple- 
Under this system the steam-user would Ije left periecllj 
tgards the mimi^ement of his boilera, but vould he lield 
for results, and the Government would not interfeB 
until a fetal explosion had occurred, when they would then make* 
faithful inveHtigatiGn and freely report the facta. It is fimty be- 
lieved that faithful inveetigationa and plain speaking would do 
much to put down exploeions in the course of a single year, a 
therefore the plan suggested for rendering coroners' inqueats w 
regard to boiler explosions of greater efficiency, is commended to 
the consideration of thia aection of Che British Association for Ha 
Advancement of Science, heliaving-that it would prove a practicil 
step towards the prevention of the present loss of life through tlw 
constant recurrence of steam-boiler explosions, and render a aji- 
tern of compulsory Government inspection unnecessary." 

25. Boiler Exptosiotig at Ironworks. — "The inquest," »yi 
the 'Engineer,' under date October 30th, 1868, "on the Iw) 
workmen who were killed on the 3d instant at the Elaecar Iion- 
worka, near Barnsley, belonging to Messrs. Dawes, was conoludod 
on the 22(1 iiistanl with a verdict of ' AccideDtal Death.' 

The hoiier was a two-furnace upright, or Eastrick boiler, 
was 20 ft. high, and 7 ft. diameter. It bad one down-flue ind 
two cross-flues, was supplied with two 5-in. safety-valvea, and wm 
worked at a pressure of 45 lb. The plates were 7-16ths ga 
and the boiler, which had been in use some years, appeared t 
in good condition. It possessed a self-feeding apparatus, and vt* 
insured in the National Insurance Company, who sent poisons to 
examine the boilers at the Elsecar Works every month or ail 
weeks. It was generally worked with water about 18 in. ahova 
the top of the down-flue, and the alarm whistle was snppos 
act when the water was at 1 8 in. on the top of the flue, 
engine tenter, who had charge of the boiler at the time of the ac- 
cident, deposed that he was upon the top of the boiler two o 
three minutes only before the explosion. At that time, as indi' 
cated by the float, it was full of water. The pump was, at t 
same time, working in good order. Another witness, who w 
injured, spoke to there having been a rush of steam, by which h 
was scalded, three minutes before the explosion. "Whilst he wa 
running away from the steam, with a scalded arm, the ezplono 
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lisppeneJ. He described the noiae of tbe escaping of steam af 
t««eiDbliiig that caused by water being tbmwn upon hot 'elaga.' 
The explosion tore a piece of plate, about 3 ft. G in. square, out 
o{ the fiiJe joint, by one of die aide tnbes, through which the 
UAine paaaed from the outaiJe to the central tube, removud tht 
bdler itself eome twaoty yards frooi its place, and scattered the 
bricka and masonry a distance of from fifty to sixty yardi^. 

Tbe scientific witneea examined at the inquest wha Mr. D. 
Mucuee, jun., C.E, of the Brinsworth Ironworks, Rotherham. He 
«id that the plate turn froiu the boiler appeared to have been 
hiimt, but that the valves and apparatus seemed t« be all right 
The boiler also appeared to be a gi>od one, and in good working 
unier. The first fracture was from the seam of riTeti ; there may 
b*ve been a crack between the rivet holes, which, being opened, 
would cause au escape of water from the boiler, The furnace 
bting in full operation at the time, the torn plate may have got 
i]verheat«d (assomijig, Mr, Macnee explained, that the atoani 
neot off three minutes before the «xplosion), an immense qnan- 
tity of steam would be generated, and an explosion ensue. On 
ihe Other hand, if the explosion was not preceded bj any notice, 
like that spoken o^ then the cause would have been from a de- 
ficiency of water. If the water were low, then, the evidence wus 
lo the effect that the whistle did not give the alarm. U a fur- 
nace is working very furiously into one part of a boiler, it is pos- 
sible for the water to be forming steam so rapidly as to prevent 
proper contact of the water with the heated plate. Such a cause 
was assigned for the explosion of a. three-furnace upright boiler, 
24 ft. by 7 ft. 9 in., in Birmingham, in 1865. A piece of 
plat«. about 3 ft. by ij ft., was blown out of the aide at a place 
where an enormous Hame impinged continually. The plates at 
first bulged out, and then gave way in the centre of the bulge, 
each edge being doubled back and broken off. There was no 
positive evidence as to the water supply ; but the crown of the 
centre tube, which waa much above tlie bottom of the j)art blown 
out, remained uninjured. The caiise which produced these evi- 
dences in the Birmingham boiler leil, in a great measure, we are 
inclined to believe, to the Elsecar explosion. 

Each ironmaking district has adopted different modes of apply- 
ing the heat of furnaces to boilers, although, as may be imagined, 
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specimentt of all kmds in encli locality. South 8bi{- 
fordBhiro bos used chiefly tha two, thi'ee, iir font furoace boiltw 
of the class described above, and of that also to which the b- 
usntiy RX]>lo(li-'d Moxley boiler belonged, with also that at Mill- 
fields, ill the same district, by which last twenty-five work-people 
were killed. The boiler which blew up, with disastrous cot 
quences, at Hall End, also in South Staffordshire, was of the ss 
class. There is much reason why, in this part of the kingdom, 
the upright furnace boiler should be used, for Mr. £natrick, tj 
whom it waa invented perhaps twenty years ago, was aometimo 
engineer with Mr James Foster (Messrs. John Bradley & Co.), 
of the Stourbridge Works, which have long occupied the position 
of the leading works in South Staffordshire. But Mr. Eastrick 
is not responsible for the abuse of his invention which, we shgll 
presently show, has taken place. 

South Wales has applied the furnaces to single-tube boilen 
like those used in Cornwall, with the boiler behind the ftirmu]e& 
The boilers are thus outside the works ; but the drawback is, tbit 
tlie tubes of these boilers are generally i ft. diami-ter, which Mr. 
Fairbaii'n has proved to bv unfit hi bear safely the high presnw 
of 60 lb. and 60 lb. 

Shropshire haa generally applied the furnaces in somewhat tlii 
same way, but with two tubes through the boilers, reducing the 
diameter to 2 ft. 6 in., and making them much safer, as far as tiia 
danger of collapse is concerned. 

Middlesbo rough and the north of England have used more fre- 
quently the chimney boiler ; or they nae the same as South Wales, 
with the boiler set on end, like that which exploded so recentl? 
at the Mersey Steel and Iron Works. Lately, however, what ia 
called the elbnw boiler has been used very extensively for famaoU) 
in the north of England. In this boiler ihe flame passes tfaioagti' 
the bent tube enclosed in the shell. 

Many ironmasters doubt the real economy of the fonutn 
boilers, as the furnaces are nut under quite the same anipunt c 
control as when there is a separate chiniuey from each. Hene 
they prefer to have only one nr two furnaces to each boilo^ 
whereby the dtfliculty is lessened. But, by this means th^ 
accomplish something more. They are enabled to diniiniab t' 
risk of explosion, and when explosion happens, to decrease the 
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^.<; iipn^t fiiRuce beaitr, Iiis dw^^n waf one of Ifi ft, C In. in 
bei^t, and 7 f L in diuneitx ; but it has gfovn in aotne mmb to 
2gfL by 10 &, ■mrfced Iqr fvor biiaaoM. B wiU b« momb- 
kr<d that 22 ft. by 10 ft. 6 in. «cn Uw dnmaikMiu of tba 
boiler (that at tfaa Hoiley Wo^) wbieli waa akstdMd itpon page 
378 of the preKiit rolttaie of 'The EngtMCi.' Tbs £l«ew 
boiler was not, as we bare just abown, ao lai^ Bor, indeed, bad 
it heat equal to that of font ordinaij paddling fnnMcei, u was 
Ih ca^e with the Mxixley boiler at the time of its explosion. 
'>^liiUl the lloxley boiler waa liven into ten ftagments, that at 
Ei^ecur had one piece only blown cnt; and whilst, also, in the 
: riner case tiiirteen, in the latter only two deaths resulted. 
A few years ago an npright boiler blew np, with terrible con* 
ji^ncea, at Etniria Tninwoiia, ne«r Stoke, belonging to Earl 
'iiiville, but commercially known as the concern of the Shelton 
iiir Iron Company. That explosion resulted from the weakness 
ol the internal fireplace of the boiler, which was of lai^ dimen- 
aras. After that disaster it was determined that the liability to 
iKiiient from explosion, and also the prolmbie &tality, should bo 
ff'iuwd. Twentjf-one boOeta were, therefore, put up, eacli 
"■iirked by two furnaces, all but four occupying a semicircle upon 
"Fie fif the boundaries of the works. The boilers here at« 18 ft. 
f'in. by 8 ft., and are worked at about 40 lb. By this arrauge- 
osnt, not only is the risk brought down to the minimum in such 
Uilers, but an ironmaster will at once perceive that the iron can 
b bmught to the hammer at either end of the forge with a facil. 
ilj which will mark out the arrangement as otherwise to be cora- 
mended. Therefore, when these upright boilers are used, they 
■bould not exceed the dimensions of those now in use at the 
Etruria Works; they should have only two furnaces each, and 
tlioutd be planted in positions in which least mischief would 
«naae upon an explosion. But a further step in the right 
direction will be taken when more aittcntion is given, throughout 
the iron trade, to the using of the tine slack, or small coal, now 
tmsalenble, for raising the steam for the workc This can uu- 
ioubtedly be done by simple self-octing firing apparatus; and a 
itlle attention to the subject would produce a form of grate, for 
general use, which would accomplish the object. When the 
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Bteam is made by burning anch cheap refuse as elack, and it vill 
be needleea tu pliioo any boilei where any men, other than thoK 
in charge, need work near them. In the meantime, howerer, 
there is no need for the boilers, placed as at present, to cauH 
danger if tiiey are carefully tended and examined. 
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PURNACBS AND FUEHACB KCONOMT. 



' EcoTwmy. — " No ironmaster," says a wriwr 
in 'Engineering,' under date August 7th, 1668, " need be toll 
that if his coal and ironatons tvere fed to the blast fumuce in 
bloois of a ton vreight each, there would he a very great irastB 
of fuel in smelting, even with the greatly lessened blast whicli 
would be admitted were such a practice followed. The totalsU^ 
&ce presented by the stone to the action of the heat would 1*8 
enormously leas than where the materiala were fiEely broken, ind 
hence the temperature at the tunnel head would be higher, uid 
the waste correspondingly greater. Worse than this, the fumacB 
would not only work to hut perhaps half its proper duty, but it 
wonid work irregularly, and make an iron of which no uniform 
quality could be depended upon. 

Ifj on the other hand, the materials were too linelj brolan, 
the blast could not be got through them, and the furnace would 
' gob up.' "Where the materials are already liquified, as in the 
Bessemer converter, the oxygon of the air and the silicon aod 
carbon in the iron are presented to each other in an infusion 
of boiling atoms, and as all are free to move in any direction, then 
is no ' gobbing.' In the best makes of iron known in commeKS, 
viz., the Swedish, the ironstone, already calcined, is broken, b£- 
cording to Dr Percy, into pieces of from 1 in. to 1 in. cabe, 
The limestone is as finely crushed, and the charcotil is carefully 
uroken into moderately small pieces. In the Belgian and some 
other Continental furnaces^ great attention is paid to the finfl 
subdivision and thorough miature of the matetiala. The ai 
face presented for action is exactly in proportion to the finent 
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of snlsdiviBion ; thus, if the malerials be broken into 1 in. cubes, 
they will present twice the stirface of 2 in. cubes. Mora than 
Ihis, the opportunities for mixture are much greater in the for- 
mer case, and it is of great importance that eacli atom of iron, 
conl, or coke, and limestone, ehould be in the cIoEeat possible 
contact with each other in the hla^t furnace. 

In the present Engiiah practice neither the ironstone nor the 
limestone is broken nearly aa finely as it should he. Broken by 
hand labour into rough, large lumps, the hiaestone costs but from 
2id. to 4d. per ton for breaking, hut it is not broken into a fit 
stale to act as effectually aa it might as a flux. Hand labour 
cannot, indeed, break it at all to the proper degree of fineness 
except at an enormous cost. Even pauper's labonr in breaking 
"i^il metalling costs 16d and upwards per ton, thia coat repre- 

■iiting that merely of their bare food and shelter. 

The only efficient machine now in use for breaking stone, 
whether for blast furnaces or road metalling, is Elake'a, as made 
by Mr. Marsden, at the Soho Foundry, Leeds, Even a three- 
horse engine will break 40 tons of hard stone into fine frajfments 
dsily, at a cost of 3d, per ton, or 10a. a day in all, exclusive of 
ntting the stone to and irom the machine. This machine not 
inly enables steam to be apphed to what cannot be nearly so 
cheaply effected hy hand, even in breaking to coarse sizes, hut 
hy, perhaps, the simplest combination of the eccentric, toggle 
joint, and lever yet known in mechanics, it breaks to sizes far 
nualler than any to which hand labour is applicable unless at a 
monstrously extravagant cost. A full description of this machine 
was given in 'Engineering,' vol iv., page 167." 

27. Dor»ett'g Petroleum Furnace. — Whatever successes have 
attended the application of the various systems of generating 

■ am by means of liquid fuel to land boilers, it is quite certain 
. it up to the present time no one of them has proved suceesa- 
.'. in a practical point of view, as applied to steam navigation. 

Kils have been made, both at home and abroad, to effect this 

■ ject, bnt until now we have not been able to record a stejim 
p. made with liquid fuel, which satisfied all the conditions de- 
cided by the present position of this important question. It 

. therefore, with more than ordinary satisfcction that we now 
ice before our readers particulars of the most eucoeesful vbyage 



ENGINEEEINQ FACTS. 



[Diy. in, 



yet made with a steam ship of conaidcmble aize burning liquid 
fueL This was occoniplished on Monday ]»st by the screw atRamcr 
' Retriever,' of 90-hotse power nominal, and 600 tons burthan, 
fitted with a liquid fuel furnace upon the principle invented by 
Mr. Edward Dorsett, of 12, London Street, city. Amongat Ihfl 
company on hoard we observed Captain SelwjTi, R.If, ; Captiin 
Crown, of theRuaaian Navy; Mr. Silverlock, of the Citizen Sl«Mii- 
boat Company ; Mr. Parker, Mr. Crowe, Dr. Paul, Mr. Stewai^ 
Mr. Lammerton, of the Carriage Department, Woolwich Araenal; 
and Mr. Steel, from the Admiralty. 

Mr. John Eoume, in his treatise on steam, air, and gas 
ginea, after referring to several arrangementa for burning liquid 
fuel, says ; — ' I can diacem no very much better arraugettant 
for burning liquid fuel than that long since adopted by laysiH 
of feeding tar and steam into a hot retort, and conducting tiis 
vapoars through hollow furnace bars to be burnt by asceudinj! 
through an artificial fire of eome intractable brick or etona.' 
is, in efl'ect, to burn the vapour of the oil, and is exactlj 
what Mr, Dorsett does, only without the steam and stone 
Mr. Boume. Had the latter gGntleman seen the invention 
of the former before he wrote the above sentence, we think 
he would have expressed a modified opinion upon the point 
Mr. Dorsett's Bysteni is extremely simple in its details; i 
consists of a generator, which is nothing more than a sua 
portable vertical boiler, in which the creosote is vaporized nnd( 
a pressure of from 35 lb. tu 40 lb., the vapour being led througl 
a pipe to the furnace of the steam boiler, under which it is bnniei 
in jets. In the present instance there were two of these gener* 
tors, which were placed on the deck of the vessel against tb( 
boiler casing, the pipes being carried down from them to thi 
boiler furnaces. The creosote is pumped into the generator, 
shovelful of live coal is placed under it, and as soon as the vapoo 
begins to distil over, it passes down a pipe into the fumaoe o 
the generator. There it issues from perforations in the pipe, ani 
continues the duty commenced by the coal, and supplies the va 
pour to the boiler furnace. 

The adaptation of the coal furnace to the purpose of boniin; 
liquid fuel was effected on board the ' Iletriever ' by removing th 
furnace bars and filling the ash-pit wjtli two layers of perforatw 
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tire-bricks. Oil tliese bricks lay the coiled pipe leading from the 
.:i'uerator, and from which issued four jeta of flama. Twn more 
JL-ts were burned in the return box, thna making six jets in each 
iMrnace, or eighteen jets in ail, there being three furnaces. The 
In lilftT had eight rows of tubes, and the four npjier tows over each 
furnace were stopped ; the bridges were removed The engines 
had two overhead 30-ineh cylinders with 2 ft. stroke, and they 
ujade an average of fifty-eight revolutions per minute throughout 
the trip. The steam was maintained evenly at 15 lb. (the usual 
working pressure), the vacuum being 26 in., and the feed water 
lieing supplied at 108 deg. The propeller was a 3-bladed ordi- 
nary screw, 8 ft. in diameter and 9 ft. pitch. The ' Uistriever ' 
was built about 1854, and has seen some service. On the pre- 
sent occasion she left the Patent Puel Company's wharf at Dept- 
ford, in charge of Captain Brown, about half-past 1 1 o'clock, and 
5l«amed down the riwer as far as Thames Haven. On the return 
I joiiruey, it was stated that the vessel made one knot more per 
hour than she bad been accustomed to make with cuaL The 
puaamnption of creosote was between 33 and 40 gallons per hour, 
as iigainBt 8 cwt, of coal, and conaidering that the present price 
of creosote is only about one penny per gallon, the gn^at saving 
is at once apparent. 

In determining the degree of success achieved in this trial 
trip, we have to take one or two matters into consideration. 
In the first place, the arrangements were of a purely temporary 
character. The generators were placed on the o[>eTi deck upon 
brickwork foundations, the creosot* wn-s fed to them by a hand- 
worked foree-purap, the vapour was conducted to the temporary 
famaces through a considerable length of pipe, and there was no 
Brrangement for regulating the sn pply of air to the furnaces with 
any d^ree of nicety, so essential to the success of any system. 
The hands, too. were new at the work, and it was not surprising 
see an occasional escape of carbon from the funnel. But this 
was very esceptioiial, and was chiedy remarked during the tem- 
I>orary absence of the engineer from the engine-room, when tlie 
second in command tried a little bit of regulating on his own 
account, regardless alike of the proportions of vapour and air 
he was admitting. But notwithstanding these drawbacks, which 
lire inevitable in the lirst trial of any new sy&tem, tW^Tv^i 'Bsa 
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a decided success, liemoiiatrating as it did the perfect practics- 
hitity of Mr. Doreelt's iaventioa as applied to marine "boilen. 
It showed that the present coal'buming furnaces can be eaailjr 
and inespensively adapted to hum liquid fuel, and it proved coo- 
dusively that a ship of 600 tons burthen could, without a pit- 
liminary trial, make a successful day's nm, and attain better 
speeds, than E^he had preTioasly made. Although a coUiIb 
amount of roar was produced in the furnacea, it was lar less than 
we have heard with other systems. Another point that struck 
us was thaty although the smell of the petroleum v/aa somewhat 
objectionable, yet the engine-room had a &r less sickly atmoapben 
than is usual where coal is burned. This fact the engiueets ad- 
mitted and appreciated ; and it ia certain that with proper fittings 
«nd permanent arrangements even this amount of smell will bo 
reduced to a minimum. On a public trial like the present, uf 
course no opportunity offered for obtaining accurate results by 
measuring the fuel used, and noting the water evaporated. Then 
was ample evidence, however, that the principle was correct, and 
the general reanlts were eminently satis&ctory. To Mr. Dorsett 
we must give the credit of having been the first to practicallj 
demonstrate the fact that a ship of 500 tons burthen could be soS- 
ceasfully propelled by steam generated by liquid fuel We coit- 
graLulate Mr. Dorsett on tlie results of a eystem which appsur 
only to require attention to a few details in order to render it > 
perfect success, ^ — Mechanics' Magazine, Oct. 16, 1868. 

28. The SKediah Reheating Furmiae, with Gas from Savidjot 
at FueL — From an illustrateij artiele in the ' Practical Mechanic's 
Journal' of September 1st, 1868, we prepare the following aV 
etract : — " The producer and regenerative furnace of Siemens baa 
recently been adapted by M F. Lundin, of Carlstad and MuDk- 
fors, in Sweden, fur the production and utilization of gas boa 
sawdust; and as this application has been found to effect giMt 
economy in the manufacture of iivm, we deem it important to 
draw attention thereto, for in many other countries where iron 
abounds but coal is scarce (euch as Canada), there can be no 
question hut that the Swedish adaptation points with much 
weight These fiimacesare arranged to produce gas arising ftom 
&ny combustible materials, hut the remarkahle economy reeultiiig 
iiom M. Lundin's application is due to the low value of aaw- 
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dust in Sweilen, which at tha grea.t Bawinills is charged fnr at 

Ihe rate of 8,000 francs (equal to about £330) a-year for the 

quantity prodaced per saw. At one end of the apparatus is the 

MLwduet receptacle, the material being chained by a workman 

into a futmel, the lower eud of which is closed by a drop cone, 

which is connected to a counterpoised lever in order that it may be 

lowered whea the sawdust is charged, and thereafter whan raised 

constitating a close joint with the funnel bottom. This is 

■iT^ed immediately below the charging funnel This chamber, 

.i('h ia vaulted or arched, is saparated from the heart!) by 

■iron plates, the first or higher ones being inclined, thus 

i^ing the sawdust to fall towards a horizontal plate, situated 

. iw the gas couduit. These plates are at present formed so 

it the air which enters by a conduit not only serves for the 

■ iiibustion of the sawdust which falls upon the hearth (whicii 
., shut or closed), but again penetrating the distillatory chamber 
nisea the temperatnre of the sawdust and consequently I'aeilitates 
tlie distillation. The gas esttacted directs itself into a conduit ; 
:i cannot escape through the drop cone on account of the great 
Lhicknees of sawdust which fills up the passive situated below 
the funnel of the chamber. In the conduit the temperature of 
tile gas ranges from 400° to 420°. By means of the pipe the 
L'l' ia led towards the condenser. In this travel it loses about 

'' of temperature, so that it arrives at the condenser at about 

■ ■I!'. Above the condenser a pipe is situated, provided with 
.'.^[it smaller pipea of 4 tu 5 millimetres in diameter, which 

filter into the conilonser. The water which arrives by these tubes 
L< projected on all sides through copper roses. The gas passes 
accordingly in thin layers between spaces formed by iron bars, 
'base weight ia 1,700 kilogrammes, or thereabouts, disposed in 
' itisverse planes. For the purpose of keeping these bars cnii- 
inily culd, a pipe, which turns in different directions, is perfor- 
ii-.d with a large number of holes through which the water 

Ip-scapes and sprinkles them. lastly, a couduit leads the con- 
deoaed gas towards the furnace. 
Tbe sawdust employed is partly of green timber, and containH 
about 45 per cent of moisture, the gas distilled in tbe pipe con- 
tuning 35 per cent. ; after the condensation the quantity of water 
i» reduced to 2 in J 00 /larts ot gas by weight, or 3 in \QQ ot 



volume. The coneuaiption of water for cooling is 
minute ; its temperature aft>^r the condenaation has been effefl 
is angraented about 30°. Thia quantity of water serves fis 
eingls regenerative furnace, but if a preparatory furuace is at I 
same time used the quantity must be doubled. 

The eompoeitton of the pas exprcsatd in volume and weij 
by M. Lnndin is as follows -.-^ 
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The composition is the same befora as after condensation, 
vsry great quantity of cartonic acid is carried off by bm 
hydrated lime mixed with the water in the condenser. We b 
above stated that the sawdust used in these furnaces in Swei 
contains about 46 per cent, of moisture ; if the sawdust va» 
new it would contain from. 50 ])er cent, to 60 per ce.nt., wl 
high proportion is reduced either by mixing with it a portioi 
dried sawdust ui some pieces of wood. The gaa circalates " 
pipes or conduits at the low pressure due to a column of 3 n 
metres of water. And as one of the products of the distillat 
there is obtained about 1-64 litres of wood tar per week. A I 
conducts the gas into a box containing two valves, one of wl 
allows the gas to pass into the conduit which leads it to the: 
cuce, and the other communicates by a pipe by wliich the exi 
of gas escapes into a gas-holder. 

There are two fumocea — the one for re-heating, the other el 
auxiliary or preparatory furnace for primarily heating the cb« 
Botli are composed of two similar parts, which tugether constil 
two furnacea, united and operating alternately. From the T« 
box two conduits proceed which lead to the boxes sitoated ak; 
central part of the two furnaces, between the two heartfaf^ o] 
site to which two other boxes are. Bitnated, connected by ■ | 



with a blast- prod Qcer. From each of these boxes other conduits 
I■^.leeed, which conduct tlio gas and air to the corresponding re- 
- ■■nerators, situated at each end of the furnace. Tlie gas regene- 
..'irs arc situated at the extreme part uf the furnace, and those 
! the air near tlie aides of the hearth. The boxes contain a 
■. ..[ve or cock, whieh, by being turned in one of two directiona, 
I'^i'is the gas and air towards one or the other of the furnaces. 
Ilctwaen the furnaces a conduit is placed, which leads the smoke 
.irir| other products of combustion to the chimney. 

The cost of a furnace of the fowigoing construction ia about 
-.'JOO franca, and on 1,700 tons of 1,000 kilogrammea ptoduceii 
L-jear, an economy of al least 8,760 franca is effected, and that 
by employing a Siemens' condenser and regenerator, just as is 
used for gas extracted from wood, charcoal, or other fuel. The 
necessity for repairing the furnaces is found to be very wre when 
ayen very elevated temperatures are employed. Through a. six- 
iperture furnace about 487 kiiograrameB a-week can he produced, 
by means of four hammers, the weight of each being 400 kilo- 
panimes. The iron made at Uddoholm, where the first furnace 
nf this species was constructed, in October, 1866, is always re- 
heated to a very high temperature. Each 100 kilogrammes re- 
quires about 400 htres of sawdust, containing at least 8'50 kilo- 
grammes nf carbon, 8'50 of hydrogen and oxygen, and 14 kilo- 
grammes of water, when the sawdust comes direct from wat«r- 
xme timber. The loss appears less than usual, this no doubt 
fi'ijlting from the exceaatve heat, and consequently greater rapid- 
:t>' with which the iron is drawn out. It should be explained 
iliat in Swerlen the iron is hammered into bars and plates, and 
iii.t rolled, as in this country and elsewhere — hence the term 
drawn out.' The first heating, made with coal in the olil gas 
^inutce, necessitates the consumption of a hectolitre and a half of 
■ ■^1 for each 100 kilogrammes of iron in bars. The auxiliary 
; Knace has been served since January, 1860, by means of the 
ime generators and condensers which supply the reheating fur- 
nace. Actually O'GO metres to O'SO metres of sawdust are con- 
"■Bied for the preparatory heating and final reheating of 100 
logratnnies of iron in the bar. In the furnaces provided with 
1 from charcoal 030 to 0-38 cubic metres of charcoal are em- 
lyed i therefore in this last case the real quantity of carbon to 



100 kilogrammeB of iron ia from 90 to 100 HlogrammeB, 
more, having regard to tlie loss caased or dae to the heat takt 
up in desiccating the wood. 

The gas which passes from the furnace into the chimney is 
a temperature of about 300°, containing at least 7 pet cent. 
aqueoQ3 vapour. Good dry wood charcoal, which contains 8 p 
cent, of water, produces in genetatora constructed on Ekmai 
Hystem. a gas of 1,394° temperature, and in the furnace a temps 
ature of 2,666°, the corabustioD being effected with the air at (I 
ordinary atmospheric temperature ; but if the temperature of tl 
air is raised to 100°, the temperature, inittead of being as aboi 
stated, becomes 1,473° and 2,767° respectively. On the contrai 
the gits from wood charcoal contains but 1 per cent of aqueoi 
vapour. The gas produced from desiccated wood contains moi 
water than that led through Lundin's condenser. The dimi,bili1 
of the furnace is notable, and said to be due to the absence ' 
cinder. During eight weeka the thickness of the roof (10 ceni 
metres) has only diminished, from 6 to 9 milhmetrea, and tl 
walls appear equally undestroyed. The bricks composing U 
two or three upper layers of the regenerators attached to the fii 
naoe for the final reheating ordinarily are renewed in from ibi 
to six weeks, whilst the regenerators for the preparatory 
last much longer. 

Snch are the results with Siemens' regenerative eysteoi, tbi 
any kind of fuel can he employed. 



The two furnaces working with charcoal served at the sani 
time as furnaces of reserve to that working wilh sawdust, am 
operated simultaneously only in the single case where the UttQ 
needed repair. During the first six months 789'13 tons of iroi 
were drawn out into bars, and during the following six month 
l,013'll tons, of which 557-37 tons were produced during tl 
latter tlirce months, this being equivalent to an annual prodtw 
tion of 2,23914 tons. The furnace with the sawdust has pra 
duced during the three lost months of the year — that ia to eap 
during 56 days {of 24 hours each) and 20 hours — 471'18 toDi 
being equivalent to an annual produce of 1,88474 tons, or 8i 
tons during 34 hours. After each repairing of the 



■^04"o5 tons were drawn out, all the iron being twice rKlieated. 

The consumption of sawdust was not observed with regularity, 

bat it is valued at 0*776 metres per 100 kilogtammos, according 

to careful calculations made during the latter half of the year. 

Doring the last week 750 cubic decimetres of sawdust were used 

for each 100 kUogrammes of tiniebed iroa 

Id comparing the quantity of carbou used in tlie sawdust fur- 

I usee and in the cliarcoal furnace, it will be found that in the fur- 

ncT case 300 kilognkuimea of iron are reheated with the same 

iii:uitity which reheats but 100 in the second case; so tiiat by 

'r.it we Lave said it is evident how greatly the produce of re- 

jiierative furnaceH in Sweden has been increased. 

Ill couclosioii, we may give some of the laat-mentioned results. 

■iiJCH November 10, 1866, up to April 18, 1867, or during 105 

us of 24 hours each, 926"06 tons of iron have been reheated 

ind drawn into bars, with a loss of 12'04 tons per 100, and with 

TJ6 metres of sawdust per 100 kilogrammes of iron. In one 

"' " B tons of iron were drawn into bars, with 0'6 1 7 metres 

nwdast per 100 kiLogranimes, the loss being only 9'90 tons 

At present the average loss is 11 tons per 100. — V.D." 

, On the Regenerative Gas Furnace as Applied to t/ia 

itfacture of Cast Steel : — From a Lecture delivered before the 

nrs of the Chemical Society, May 7th, 1868, by C. W. 

i, F.E.S., Mem. lust. C.E,, we take the following ,—" 1 

I proceed to describe the construction and working of the 

e gas furnaces (similar to those at Dirmingham) which 

Ixow at work, or in course of erection, in this country and 

i, fbr the production of cast steel, both by the old method 

■ion in pots, and by the new system of making cast steel on 

e scale and on an open furnace bed, from scrap iron and 

ifUie ore. 

a regenerative gas furnace consists of two essential parts, 

) p?oducer, in which the coal or other fuel used is con- 

1 into a combustible gas; and the furnace, with its ' re- 

enetators ' or chambeis for storing the waste heat of the flame, 

giving it up to the in-coming air and gas. 

uty combustible f^ might be burned in the regenerative 

; I have used ordinary lighting gas very successfully on 

1 labontory scale, but it is &r ton costly to he employed, m 
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ki^^er furnaces, and the odIv gas generally aTBilable is tl 
generated hj the complete volatiliaatiou of coal, wood, or otl 
fuel, wUh adtuiiuioD of air in a special ' gas prodncer.' A 
description of carbonaceous matter may be worked in a suital 
gas producer, and will afford gas auffieieutly good fur the aap[ 
of even those furnacea in which the highest heat is reqnin 
Coal is the fuel chiefly used for gas furnaces in England; sm 
coke has been employed in some cases, as in gasworks, ^era 
is to be had at a cheap rate ; wood is used in France, Bohem 
and Spain ; sawdust in Sweden, furnishing gas for welding a 
other high-heat furcacea ; lignite in various parts of German 
and peat in Italy aud elsewhere; thia last being applies! 
\rith the greatest relative advantage. 

The accompanying illustration (not given here. See forn 
vol. of * Engineering Facts and Figures ' for illustration of 1 
Siemens' Furnaces,) represents a gas producer suitable for bu: 
ing non-caking alack. 

In form it is a I'eetangular iirehiick chamber, one side of wb 
is inchued at an angle of from 45" to 60", and is provided v 
a grate at its foot. The fuel is filled in at the top of I 
incline, and falls in a thick bed upon the grate. Air is admiC 
at the grate, and as it rises slowly through the ignited mi 
the carhonic acid, first funned by the cumbination of the o^ 
with the carbon of the fuel, takes up an additional equivalent 
carbon, forming carbonic oside, which diluted by the ia 
nitrogen of the air, and by a little unreduced carbonic acid, t 
inixed with the gases and vapoura distilled from the raw 1 
during its gradual descent towards the grate, is led o£f by i 
gas flue to the furnace. The ashes and clinkers that accumul 
on the grate are removed at intervals of one or two days. 

The composition of tlie gas varies with the nature of th« f 
used, and the management of the gas producer. That of ths | 
from the producers at the Plate Glass Works, St, Gohain, Ftu 
burning a mixture of J caking coal and j- non-caking coal, U 
follows, by an analysis dated J ly, 1865 ; — 
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Carbonip oiide, 
Hyrtrogen, 
Curburettaii hyilrogen. 




21 a) 

8-2 J-34 
22) 



The trace of osygen present is no doubt due to carelessness ill 
culleeting the gas, or to the leakage of air into the flue, and 
illowing for this, the corrected analysis will stand as under ; — 
Volumea. 
Carbonic oxide, 
Hydi'ogen, 

Cucburetted hyilmgen, 
Carbonic acid, 
NitTDgen, 

lOO'O 
Only the first three of these constituents, say 35 per cent, of 
the whole, are of any use as fuel, the nitrogen and carbonic acid 
present only diluting the gas. It is the presence of this lai^ 
proportion of inert gaseci, nliich must he heated to the full tern- 
|)erature of the flame, that renders it so difiicult to maintain a 
liigk heat by gas of tliis description burned in tbe ordinary way. 
h using such gas in a regenerative furnace the presence of so 
large an amount of nitrogen is not objectionable, as the heat 
it carries off is given up again to tbe air and gas coming in. 

The gas as it passes off from tbe fuel contains also more or 
len aqueous vapour, iiich is got rid of by cooling it, with 
Kime tar and other iinpurities, and a small quantity of suspended 
soot and dust. 

Any air drawn in unhumed through a bole in the mass 
of fuel, reduces the value of the gas by burning the carbonic 
oxide again to cai'bonic Boid. To prevent the indraught of ait in 
this way at the aide of the grate, I have found it very advan- 
tageous to set the side walls of the gas producer back, forming u 
broad step about 9 or 10 iti. above the grate; any air creeping 
up along the wall ia thrown into the mass of fuel and com- 
pletely burned. Tbe effect of this feature in the form of the 
producer on the quality of the gAS has been very striking. 

Three-tenths of the total heat of combustion of solid carbon 
a.n evolved in burning it to caibonio oxide; but in the gas 
produoer, a email portion only of this heat is really lont, \kxs.vs& 
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it is in a great rocafure takeD up and utilised in distilling the U 
and hydrocarbon gases from the raw fuel; and it may be atil 
further economised, especially in burning a fuel, dnch as coke ( 
anthracite, which contains little or no volatile matter, by intro 
ducing a regulated supply of steam with the air entering at t' 
grate. This is effecteil very eimply by keeping the ash-pit alway 
wet. The steam ie decompoBed by the ignited coke, and its ci 
atituents, hydrogen and oxygen, are rearranged aa a mixture o 
hydrogen and carbonic oside, with a email variable proportion o 
carbonic acid. Eacli cubic fcwt of steam produces nearly tw( 
cubic feet of the mised gases, which being free from nitrogei 
have great heating power and form a valuable addition to tlu 
gas. The proportion of steam that can be advantageously ii 
duced into the gas producer ia, however, limited, as it tends t( 
cool the £re, and if this is at too low a beat, much carbonic add 
is produced instead of carbonic oxide, causing waste of fneL 

From the high temperature of the gas, as it rises ^m i 
fuel (1,000° F. to 1,300° F.\ and from its comparatively li 
specific gravity, it is considerably lighter than atmospheric H 
and ascends into the upper part of the producer with a a" ' 
outward pressure. It is necessary to maintain this 
through the whole length of the gas flue, in order to insure s fa 
supply of gas to the furnaces, and to prevent its deterioraldiMi il 
the flue, through the indraught of air at crevices in the brickwod 
The slight loss of gas by leakage, which results from a prei 
in the flue, ia of no moment, as it ceases entirely in the coiiiM t 
a day or two, when the crevices become closed by tar and et 

Where the furnace stands so much higher than the gas 
ducer, that the flue mny be made to rise considerably, the ] 
quired plenum of pressure is at once obtained; but more 1 
quentiy the furnaces and gas produceis are placed nearly <m 1 
same level, and some special arrangement is necessary lo n 
tain the pressure in the fliie. The most simple contTivanoe 1 
this purpose is the ' elevated cooling tube.' The hot g 
ried up by a brick stack to a height of 8 ft. or 10 ft. abovB^ 
top of the gas producer, and is led through a horizontal shed 
cooling-tube, of not less than 60 square feet of surface par 
producer, from which it passes down either directly to the ! 
I aace, or into an underground brick flue. 
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■ The gas rising from the prodacer, at a temj'erature of abuul 
r 1,100° F., is cooled as it passes along the. overli-'dU tube, aud the 
liscending column ia congequeDtly denser arid heavier than the 
I'CeadJQg colamo of the aame length, and continually over- 
kJances it. The system forms, in fnct, a eyphon, in wiiicb Ibe 
twi) limbs are of equal length, but the one is tilled wich a heavier 
:iiii<l than the other. The height of cooling tube rt>quired t<> 
iKwince as great a pressure in the flue a« would be obtaiued by 
jiUcing the gas prodncare, say 10 ft, deeper in the ground, may 
' ; readily calculated. The temperature of the gas, as it rises 
Ti the producers, haa been token as 1,100° P., and we may 
3 that it is cooled in the oyerbe-ad tube to 100° F., an 
of cooling very easily attained. The calculate4 Bpeci£c 
gnvity, referred to hydrogen, of the gas of which I have quoted 
aalysia, being 13 14, we obtain the following data: 



Weiglit of fltnioaplierio air per cute foot nt 60° F. ='07fi 

111 from these we have, on the one hand, the increase of prus- 
e per fcwt of height, in a flu« rising directly from the gas 
' eer, 

^■078— ■032^-05i IK p«r nquare fool; 
Q the other hand, the excess of pre.'<surQ at the foot of the 
mlake from the cooling tube, over tliat at the same level in 
b flue, leading up from the gas producer {for each foot in height 
Mtiio cooling tube), 

= Oei— 022=039 lb. pet Bquare foot. 
le height of the cooling tube above the level of the flue that 
^ 11 be sufBcient to produce the requireil pressure, equal to 10 It. 
sf heated gas column, ia, therefore, 

;5|fl0ft,=isft. 10in,,or, any, 14 ft, 
This method of obtaining a preiisure in the gas-flito by cooling 
the gas has been objected to as throwing awoy heat that might 
lie employed to more advantage in the furnace ; but this is not the 
case, because the action ot a regenerator is such, that the initial 
temperature of the gases to be heated has no effect on the final 
temperature, and only renders the cooling of the hotter fluid 
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more or less complete. The only result, therefore, of workiBM 
the furnftce with gas of high temperature is to inoreaee the bsfl 
of the waste gases passing oS hy (he chimney fine. The Mfl 
plete conh'iig of the gaa results, on the otlii:! hand, in the gfWM 
tuiTantHge of condensing the steam that it always carries witli:^| 
from the gas producer; and in the case of iron and steel fimiM^| 
in burning wet fuel, it is absolutely necessary to c"ol the gaBTJlH 
thoroughly, in order to get rid of the largo amount of steam li^H 
it contaiua, which, if allowed to po^ on to the furnace, wool 
oxidise the metal. ^ 

There is, undoubtedly, a certain waste of heat, which migbt ' 
be utilised by surrouudiug the cooling tube with a boiler, or ij 
otherwise economising the heat it gives off, as, for instance, in 
drying the fuel; but the saving to be effected is not very gceti^ 
for as 100 volumea of the gas require for combustion about 130 
volumes of air, including 20 per cent above that theoretically 
required, the heat given ofl' in cooling the gas 1000° is no mow 
than would be lost in discharging the praducts of the complete 
combustion of the fuel, at a teniperatun: 435° in excess of th( 
actual temperature of 200°, and this loss is greatly diminishei] if 
a richer gas is obtained. 

In erecting a mimber of gas producers and furnaces, I gene- 
rally prefer to group the producers together leading tlie gas from 
all into one main flue, from which the several furnaces draw their 
Huppiies. The advantages of this are saving of labour and con- 
Tenience of roanageineiit fiom the gas producers beiog oil close 
together, and greater regularity in working, as the furnaces an 
■eldom all shut off at once; nor is it likely that all will reijmro 
at the same time an exceptional amount of gas. 

From the fact that the gas producers may be at any distance 
from the fnmacea that they supply if they are only at a lower 
level, it would be perfectly practicable to erect them in tLe vay 
ooal mine itself burning the slack and waste coal in gitu (in plane 
of leaving it in the workings as is now often done), and distri- 
buting the gas by culverts to the works in the neighbourhood, 
instead of carrying the coal to the different works, and establish- 
ing special gaa producers at each. In rising to the mouth of the 
pit the gaa would acquire sufficient pressure to send it through 
inyeral miles of culvert 
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Hn the regenerative fiirnac« the gns onJ air emploj-ed am 
Kintely heated by the y/aate bent, of tlie flame by means of 
^■t are termed ' regeneratora,' placed beneath tlie furnace. 
Bse are fonr chambers, filled with fire bricks, stacked looaely 
^Hther, so aa to expose as much surface as possible ; the waste 
Hwftom the flame are drawn down through two of llie regener- 
Bn, and heating the upper rows of bricha to a temperature little 
Btot of that in the furnace itaeli^ pass successively over cooler 
W cooler aurikces, and escape, at length, to the chimney flue 
Marly cold. The current of hot gases is continued down through 
th«ae two regenerators until a considerable depth of brickwork, 
Mu the top, is uniformly heated to a temperature nearly equal 
to ttiat of the entering gas, the heat of the lower portion de- 
eitaeiug gradually downwards at a rate depending on the velocity 
ottbe current and the size and arrangement of the bricka. The 
direction of the draught is then reversed ; the current of flame 
<a hnt waste gases is employed to heat up the second pair of 
i^nerators; and the gas and air entering the furnace are passed 
in the opposite direction through the first pair, and coming into 
Witiiot, in the first inatance, with the cooler brickwork below, are 
gndnatly heated aa they ascend, uiitil, at some diatunce from the 
top, they attain a temperature nearly equal to the initial heat of 
Uie waste gases, and, passing up into the furnace, meet and at 
nca ignite, producing a strong flange, which, after passing through 
till heating chamber, is drawn down through the second pair of 
regeneralora to the chimney flue. The temperature attained by 
Ihc ascending gas and ai)* remains nearly constant, until the 
i;i|)ermost courses of the regenerative hrickwork begin sensibly 
! f:ool; but by this time the other two ri'gonorotors are suffl- 
'lentty heated, and the draught is again reversed, the stream of 
irostB gasea being turned down through the fli'st pair of regener- 
»tora, re-heating them in turn, and the gas and air which enter 
the furnace being passed up the second. 

By thus revei'sing the direction of the draught at regular in- 
tervals nearly all the heat is I'etai.ned in the furnace that would 
otherwise be carried ofif by the products of combustion, the tem- 
perature in the chimney floe rarely exceeding 300 degrees Fahr., 
whatever may be the heat in the furnace. The proportion of 
btiat carried olf in an ordinary furnace by the products of com- 
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liustion is generally far gi'eater than that which can be utilisei], 
as all the heat of the finme below the temperature of the work to 
be heated is abeolutel; lost. The economy of fuel effected ia the 
regenerative gas furnace, hy removing thia source of loss, and 
making all the heat of the waste gases, however low its intensiiy, 
contribute to raise the temperature of the flame, amounts in aTS^ 
age practice to fully 60 per cent, on the quantity used in an o> 
dinary furnace, and the saving is greater the higher the heat at 
which the furnace is worked. In addition to this economy in the 
amount of fuel used, a much cheaper quality may generally he 
burned in the gas producer than could be used in a furnace work- 
ing at the same heat, and in which the fuel is burned directl; 
upon the grate in the ordinary way, 

When the heat of the furnace is not abstracted continually by 
cold materials charged into it^ the temperature necessarily in- 
creases after each reversal, as only a very email fraction of the 
heat generated ia carried off by the waste gases. The gas and 
air, in rising through the regenerators, are heated to a tempera- 
ture nearly equal to that at which the flame had been pasains 
down, and when they meet and bum in the furnace the beat of 
combuKtion is added to that carried up from the Tegenerator^ 
and the flame is necessarily hatter than before, and raises the 
second pair of regenerators to a higher heat. On again reversing, 
this higher heat is communicated to the gas and air passing in, 
and a still hotter flame is the result. 

The temperature that may be attained in this way by the 
gradual accumulation of heat in the furnace and in the upper 
part of the regenerators appeals to be quite unlimited, and the 
beat at which a suitably designed furnace can be worked it 
limited in practice only by the difficulty of finding a raatensl 
sufficiently refractory of which it can be built. 

Welsh Dinas brick, consisting of nearly pure BiUca, ia the only 
materia], of those practically available on a large scale, that I 
have found to reeist the intense heat at which steel melting 
furnaces are worked; but though it withstands perfectly the 
temperature required for the fusion of the mildest steel, even this 
is melted easily if the furnace is pushed to a still higher heat. 

As the gas flame is quite free from the suspended dust which 
IB always carried over from the fuel by the keen draught of an 



ordinary furnace, the Lrickwork exposeil to it ib not fliixed on thp 
snitaee and gradually cut away, but fails, if at all, only from ab- 
solute Buftening and fusion throughout ita mass. A Stourbridge 
brick, for example, exposed for a few hoars to the heat of the 
Bteel-melting furnace, remains quite sharp on the edges, and ie 
little altered even in colour; but it is so thoroughly softened by the 
intense heat that on attempting to take it out the tongs press 
into it and almost meet, and it is often pulled in two, the half- 
foacd material drawing out in long strings. It results from this 
perfect parity of the flame, that where the heat is not sufficient 
to effect the absolute fusion of the bricks employed, the length of 
time is almost unlimited, during which a gas furnace will work 
without repairs. 

Another advantage in employing the fuel in the manageable 
form of gaii, is that the rate of comhustton may be regulated at 
pleasure, to produce an active heating flame of any length from 
little more than 2 ft., as in the pot steel-melting furnaces, to 
30ft. in the largest furnaces for tha fusion of plate glass; and 
tlie most intense heat may be thrown exactly upon the charge, 
the ends of the furnace and the apertures through which the gas 
aai dr are introduced being actually protected from the heat by 
lie currents of unburned and comparatively cool gases flowing 
through them, and only mixing and burning at the very point at 
*iiich the heat is required, and wheie it is taken up at once by 
tliB materials to be fused or heated. This is of especial impor- 
tencB in the case of those furnaces in which a very intense heat 
i* employed. 

The amount of brickwork required in the regenerators to ab- 
*irb the wa?te heat of a given furnace is a matter of simple cal- 
culation. The products of the complete combustion of one pound 
tif coal have a capacity for heat equal to that of nearly 17 lb. of 
fifebrick, and (in reversing every hour) 17 lb. of regenerator 
htickwork at each end of the furnace per pound of coal burned 
in the gafl-produoer per hour would be theoretically snfQcient 
^ absorb the waste heat, if the whole mass of the regenerator 
""re aniforraly heated at each reversal to the full temperature of 
IhelUme, and then completely cooled by the gases coming in; 
'>nt in practice by far the larger part of the depth of the regener- 
^tot chequerwork ia required to effect the gradua.\ coo\to% tsi \Jaa 
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prcducts of combuslion, and only a small portion near the toj 
perhaps n fourth of the whole masfi, is heated aniformly to tb 
full teinpsrature of the jlatne ; the heat of the lower portion de 
(ireaatng gradually downwards nearly to the bottom. Three o 
four times as muoh brickwork is thus required in tlie regenerator^ 
as is equal in capacity fur heat to the products of combustion. 

The best size and arrangenient of the bricks is determined bj 
the consideration of the extent of opening required between then 
to give a free passage of the air and gas, and by the rule, deduoH 
from my experiments on the action of rcgoneratora in 18dl-3 
that a surface of 6 square feet is necessary in the regenerator to 
take np the lieat of the products of combustion of 1 lb. of co»t 
in an hour. 
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Total (qoiVBlent vreight nf natcr, . 3*808 

,, „ firebrick (sp. heat^O-Bj 18*5*0 

By placing the regenerators vertically and heating them fron 
the top, the heating and cooling actions are made much mor 
uniform throughout than when the draught is in any ottis 
direction, as the hot descending current on the one hand p 
down inoat freely through the coolest part of the mass, while t] 
aacending current of air or gas to be heated rises chiefly througl 
that part which happens to be hottest, and cools it to an eqnali^ 
with the rest. 

The regenerators should always be at a lower level than tb 
heating chamber ; as the gas and air are then forced into the fui 
naoe by the draught of the heated regenerators, and it may i 
worked to its full power, either with an outward pressure in tb 
beating chamber, so that the flame blows out on opening t 
doDTB, or with the pressure in the chamber just balanced, tb 
« apmetimea blowing out a little, and sometimos drawing ii 
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^^voutward pressure of the flume prevents that chilling of thv 
^^uce, and injury to the brickwork from the indraught of cold 
^^■hrough the crevices, vrhich is othenme unavoidable in any 
^^Mce worked nithotit blast. 

^^Dhe action of the furnace is reg^ulated by the chimney damper, 
WKSt by valvea governing the aapply of gas and air, and the 
naogbt is reversed by cast-iron reversing valves, on the principle 
of the common four-way cock. 

Fusion of Steel in Crucibles.. — In the apphcation of the sya- 
tem to the fusion of steel in closed pots or crucibles, the melting 
' chamber, containing generaUy 24 pots, ia constructed in the form 
I of B long trench, 3 ft. 6 in. wide at the bottom, and gathered in 
I to Diider 2 ft. at the top. The sides of the melting chamber are 
I anhed both horizontaUy and vertically, to keep them from aiuk- 
I '^i t<^ether in working, and the work is strengthened by cross 
fc* rilg at intervals. The pots are set in a double row along the 
^Hoitre of the melting chamber, and the flame passes from side to 
^^w, the gas and air from the regenerators being introduced al- 
^Knately from one side and from the other, opposite to each pair 
^ifpots. The melting chamber is closed above by loose iirebrick 
W twers, which are drawn partly off in succession by means of a 
I ^rer suspended from a pulley above the furnace, when the pots 
■ in to he charged or drawn out. The pots stand in a bed of 
^K^-ground coke-dust, resting on iron plates. Tlie coke-dust 
^^■ne sway only very slowly, if it is made of hard cuke and finely 
^^■Uid, and it presents the great advantage of remaining always 
^^Bbe form of a loose dry powder, in which the pots stand firmly, 
^Hpe every other material tliat I have tried either softens at the 
^Bue h«tt, or sets after a time into a hard, uneven mass, in 
^^pch the pots do not stand wslL 

I The process of melting carried out in this form of gas furnace 
ia the same in all respects as that in the small air furnaces or 
melting holes fired with eoke which are commonly employed, but 
* great aaving is clfected in the cost of fuel, and iu the number of 
Braoiblea req^uired. 

The ordinary consumption of hard coke, coating 22s. per ton 
iu ShefBeld, is between three and four tons per ton of steel fused, 
'iLile in the gas famace the same work may be done by the e 



I'-'iiditure of 16 to 20 cwt of common coal slack (worth only Ss, 
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to 83. p«r ton), at a cost tbat is of oiil; Sa. against T6& pec ton 
of ateel melted. There ia a further saving in the number of cru- 
ciblea cec[aii«d, as they may be used in the gag furnace four or five, 
aud sometimes even ton timt'S ; while in furnaces heated by coke 
two or three casts are as much as are ever obtained. The lining 
ui' the furnace lasts at least 15 to 20 weeks without repair (in 
working day and night), while 4 to 5 weeks ia the longest dura- 
tion of the ordinary coke-fiied holes. 

Fusiim of Steel on the Open Bed. — The furnace employed for 
the fusion of Eteel on the open bed is similar in shape to a reheat- 
ing or puddling furnace ; the direction of the Aame is &oni end 
to end 1 and tlie regenerators are placed transversely below the 
bed, which is supported on iron plates, kept coo! by a current of 
air. The air enters beneath the bed plates in &ont, and escapes 
by two ventilating shafts at the back of the furnace, neat the 
ends, Tbia cooling of tLe bed is very necessary to keep the slsg 
or melted metal from iindiug its way through into the regeneratoi 
chambers. The upper part of the furnace is built entirely of 
Dinas brick 

There are three doors in the front of the furnace, one in the 
centre immediately over the tap-hole, and two near the bridges, 
through which the bed can be repaired when necessary, and in- 
got ends or other heavy scraps may be charged in. Sloping 
shoots are provided at the back of the furnace, through y' ' ' 
long bars, such as old rails, may be conveniently charged, and be- 
neath tliese are openings for chatting the pig iron. The upper 
end of the shoots is on a level with an elevated charging platform 
behind the furnace. 

The bottom of the furnace ia formed of siliceous sand, which 
answers exceedingly well if properly selected and treated. 

Instead of putting moist sand into the cold furnace, aa ia 

usually done in preparing the bottoms of furnaces for heating oi 

melting iron or copper, I dry the sand, and introduce it into tb< 

hot furnace in layers of about 1 in. thickness. The heat of the 

furnace must be su£B.cient to fuse the surface of each layer ; tha< 

ia to say, it must rather exceed a welding heat to begin with, anc 

I rise to a full steel-melting beat at the end of the operation; 

k in Older to impart additional solidity to the uppermost layer 

BiT^fe mast be taken that the surface of the bath assumes the fori 



in basin, being deepest near the tap-hole. Some white 
li as that from Gomal, near Birmingham, will set nniier 
circnmetauces into a hard impervious crust, capable of sun 
from 20 to 30 chai'gea of liquid steel, without requiring 
il repairs. If no natural aand of proper quality is available, 
sand, such aa Fontainehkau sand, may be mixed intimately 
vilb about 25 per cent of common red sand, to obtain the same 

lu tapping the furnace, the loose sand near the tapping-bole 
is [enioved, when the lower surface of the hard crust will be 
itdoliBd. The lowest point of this surface ia theronpon pierced, 
liy means of a pointed bar, upon the withdrawal of which the 
9uid metal rnns out from the hottest and deepest portion of the 
iMb into the ladle ia front of the furnace. 

M, Le Chatelier now proposes to mix the natural Bauxite, nf 
"dich the bottom of the experimental furnace at the works of 
HSt Boignes, Eambourg, & Co., near Montlugon, was first 
ili»de, with about 1 per cent, of cbloriile of calcium in solution, 
to c&lcine the mixture, and to form it into moulded masses of 
liighly refracloiy material A hard bottom being thus prepared, 
uid Ihe heat of Ibe furnace being raised to whiteness, it is ready 
Id receive the materials to be melted. 

If these materials consist of bar iron, or of old iron and steel 
iwis, they are cut into lengths of about 6 ft, and are introduced 
into the furnace through slanting hoppers from the elevated plat- 
fona at the back, so that their ends rest upon the sand bottom 
iming the batb. 

If the capacity of the boiler ia such that charges of 3 tons 
an be formed, about 6 cwt. of grey pig iron is introduced through 
tile porta or short hoppers, below the main charging hoppers be- 
fore mentioned. As soon as a bath of pig metal is formed, the 
Iwited ends of the rails or bats begin to dissolve, causing the 
f"r8 gradually to descend. By partially closing the mouths of 
fte charging hoppers, a regulated tjnantity of flame is allowed to 
'*'ipe firom the furnace, ia order to heat the descending bws of 
"Kisl previous to tlieir entry into the melting chamber, the ob- 
!Wt being to maintain the high temperature of the furnace, not- 
'^llistanding the constant introduction of cold metal. The 
"wipiiig products of combustion, which are thus withdrawn from 
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the regeneratora, are a poeitlve gain to tlie heat of the f 
lieoauae, Imviiig been in contact with comparatively cold meljfd 
they would be at a beat infeiior to that of the upper portions a 
the regenerators, and would therefore only lower their tempM» 

As the bars siiit in the hopper by their gravity, they a 
followed up by additiouiil ba.rs until tlio metal chained amoon 
to about 3 tona, all of which will be rendered fluid within aboi 
four hours from the time of commencing the charge. The m 
tallic bath is tested from time to time by the introduction of 
bar through one of the front doors of the fumaee, and if the b 
should become thick before the end of the operation, althoog 
the heat has been maintained, it will be necessary to iutrodiu 
an additional quantity of pig metal. All the metal being hqnic 
a sample is taken out by means of a small iron ladle, and plunge 
into cold water while still red hot. la breakiI^g this b 
upon an anvil, the temper and quality of the metal may be ^ri 
judged. Its fracture should be bright and cryatallic 
a very small proportion of carbon (not exceeding '1 per o 
and tlie metal should be tough andmalleBble, natwithstandingH 
sudden refrigeration. From 6 to 8 per cent of spiegeleisen (om 
taining not less than 9 per cent, of manganese), is themipa 
charged through the side openings upon the bank of the fumK4 
and allowed to melt down into the bath, which is then atim 
and made ready for tapping in the manner before described. Th 
amount of carbon introduced with tiie spiegeleisen determines th 
temper of the steel produced, the manganese being neceasary 1 
prevent red-shortness, unless Swedish or Styrian iron is used. 

When old iron rails or scrap of infeiior quality are chai^ 
the addition of manganese does not sulIieB to effect the n 
purification of the steel produced; but the perfectly liquid e 
dition of the hath, together with the unlimited time availableil 
chemical reaction, ofler extraordinary advantages for the intic 
duction of such materials as may be found to combine wi 
sulphur, phosphorus, silicon, or arsenic, which ai'e the usual si 
tagonists to be dealt with. 

The experiments which I have been able to institute in Ibi 
direction are by no means complete; — nevertheless, I have fll 
tained moat beneficial results from the introduction into the W 
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of litharge, in conjanction with oxidiaing gojts containing strung 
liaBee^ sach as the alkaline nitrates, chromates, chlontles, stan- 
natee, titanates, ifeo. The choice of the reagents, and the quan- 
tity to be employed, depend naturally npou the quality anil quan- 
tity of ohjectionahle matter to be removed. 

By the aid of the process just described, it will he possible to 
convert old iron rails into steel rails of sufficiently good quality 
at a cost scarcely escueding that of re-rolling them into fresh iron 
-W". The non-expensive nature of the prooeaa raay be judged 
the fact that Kxtremely little labour is required in conducting 
. iliat the loss of metal docs not exceed ft'i>m 6 to 6 per cent, 
. i.l that from 10 to 12 cwt of coal suffices to produce a ton of 

Ore. — Although I have succeeded in producing malleable steel 
from ordinary English iron by this process, it would be unreaeon- 
able to expect steel of really high quality in using those mate* 
rials wLicb are already contaminated in the blast furnace ; and 
1 am sanguine in the expectation of producing cast-steel supe- 
rior in qnahty, and at a low cost, directly from the better de- 
< L'lption of ores, such as tlie hematites, magnetic oxidesi, ami 
:.-. .-spathic carbonates. My experiments in this direction extend 
IT several years; and last year I sent a few bars of steel pro- 
■d from hematite ore to the French Exhibition, which hail 
■J a high test in Kirkcaldy's macliina A 'grand prix ' was 
irded for this and other applications of the regenerative gas 

Having tried various modifications of the furnace, I have arrived 

at i form of apparatus not dissimilar to the one just described. 

I'bfe furnace and tapping arrangements an>, indeed, the same, ex- 

cHit that fur the slanting hoppers vertical Loppera over the middle 

i tijt bath are auhstitnted, in which the ore gradually descends. 

b hopper is formed of a cast-iron pipe, supporting a clay pipe, 

i;i.li is attached to it by means of a hayouet joint, and reaches 

VII into the furDoce, while the cast-iron pipe rests with iUi 

' .;p ou. the charging platform. 

.\. fire apace is provided snrroanJing each hopper, tlirough 
■iii'-h flame ascends from the furnace, and is allowed to escaiie 
"I wyulated quantities near the uppar extremity of the retort, the 
"Itject being to heat the htter, and the ore coulamed m W^Xa 
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n teit heat. A wrouglit-iroii pipe descenils into eacli bopper fi 
a general gas tabe above, through which a current of ordiii 
producer gas ia forced in amongst the heated ore. The propn 
Kion of the gaa i? effectail most conveniently bj means of a stei 
jet in the ga? tube leading from the main gas channel to the 
of the furnace, care being taken to elfect a total condunsatioi 
the eteam by passing the gas finally through a small scrubber, i 
which water trickles over pieces of coke. In this way the gas 
at the same time purified from sulphurous acid, the snlphoi < 
whicii might otherwise combine with the reduced ore. 

The furnace is charged in the following manner : — 

The hoppers and gas-pipes being placed in position, about 
cwt. of ciiarcoal ia charged throiigh each hopper to form a baa 
for the ore with which these are afterwards filled. 

About 1 cwt. of pig metal 13 charged through the ports at tfa 
back or front of the fiiritaue, which, upon being melted, foniu 
metallic bath below the hoppers. In the meantime, the ore i 
the lower parts of the hoppers being heated in an atmosphere 
reducing gaa, has become partially reduced into metal spong 
which, in reaching the metallic bath, is readily dissolved ii 
making room for the descent of the superincumbent ore, yr, 
ie likewise reduced in its descent, and dissolved in due 001 
fresh ore being continually supplied on the cbarging pUtfara 
The dissolution of the reduced ore proceeds with extraordiuH 
rapidity, but is practically limited by the time necessary to 
the reduction of the ore ia the hopper, which occupies w 
hours. It is, however, not essential that the ore should be tl» 
roughly reduced before reaching the bath, because the carbon o 
tained in the cast metal serves also to complete the operation. 

I prefer to employ a mixture of hematite and spathic ore, 
taining the elemeuta for forming a fusible slag, which will ae 
mulate on the surface of the metallic bath, and may be ftom ti 
to time removed through the centre door. If the ore confa 
any sUica, it is necessary to add some lime or other fluxing i 
terials, but it is desirable to employ ores containing little 
in order not to encumber the furnace with slag, reserving 
poorer ores for the blast furriace. The ore should, raoreovcx, ' 
n pieces ranging from the eize of a pea to that of a walnut, 
onier to be pervious to ftie ledtuAii^ i^stst. I£ ores in the fin 
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of powder aie employed, it ia necesaaiy to mix them witU about ' 
10 per cent, by weight of Ught carbonaceous muteriaU, such aa 
itj peftt, 'wood, or cLarcoul 

The metallic hath having sufficiently increased in the course 
of from three to four hours, the supply of ore is stopped, and that 
contained in the hoppers is allowed to sink. Before the hoppers 
IK empty, a false cover of caat-iron, hned with clay at its under 
side, is introduced, being Buapeaded from above by a strong wire, 
ill order to prevent the access of flame to the interior of the 
empty hoppers. Charcoal and ore are fiilei! in upon the top of 
this false cover, and, on cutting the wire, afterwards £rom the 
KUDinencement of the succeeding charge. 

When all the ore has disappeoreil, the metallic bath is tested 
19 before descnhed in. reference to the melting of scrap. K it 
liiould be partially solidified, cast-iron is added to re-establiuh 
'"mplete liquefaction; hut if , on the other hand, the bath cod - 
. :.j an excess of carbon, oxidising agents may be added, as be- 

.'. described, in requisite proportion. From o to 8 per cent, of 

'^egeleiaen i» then added, and the furnace ia tapped aa already 
■inscribed. 

The quality of the steel produced ia chiefly dependent upon 
the quality of the ore, hut consideriDg that ores of great freedom 
fmm sulphur, phosphorus, or arsenic, can be had in large quan- 
titiea, this process contains all the elements for producing steel 
'if high quality. 

Elaving tried a variety of nres, I do not attach much import- 
ance to their precise composition, so long as they are compara- 
tively free from gangue, and from sulphur and phosphorus, the 
heat being sufficient to reduce the most refractory. My espe- 
rieace is, however, aa yet Hmited to experimental working. 

1 hoped to have been in a position to have given you the 
tamperature of this furnace, as determined by an electric resist 
«we pyrometer, which I have constracted for. this purpose, but 
IwB not yet been able to obtain satisfactoiy results, owing to 
tlie dettmctioQ of the coil of platinum wire which has to be ex- 
poMd to the heat My efforts were bafled, moreover, by the 
liict, interesting in itself that platinum wire produced by fusion 
in Deviile's furnace, does not increase in electrical resistance 
f Umperatura in the same ratio aa "iatA. \iico4Mcei 
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by the old process, owing probably to the presence of catlmii 
other alloy iu fractional qiiuitities. 

Avoiding the use of fueed jjlatitium wire, I have 
temperatures by electrical reatstance up to a full welding Ilea 
which I estimated at 1600° C. = 2900° F. ; and in judging tl 
heat of the steel-melting furnace by comparison of effecb^ 
ahonld put it at not less than 2300° C, = 4000° F. The effect 
this degree of lieat may he j udged hy the following : — 

An ingot of rather hard cast-steel, weighing G cwt., was inti 
(luced into the furnacu to be incorporated with the bath of 
The ingot was neatly cold, and was aUowed to remain f 
minutes upon the bank before it was pushed into the bath, i 
it was completely dissolved in fifteen niinut&s, the time occupi 
iu heating and melting the ingot being thirty minutes. A ct 
of wrought metal, uf nearly 8 in., weighing 130 lb., was also 
tmduced cold into the furnace, and allowed to remain upon 1 
bank during ten minutes to be heated externally to whiteni 
before being pushed into th« metallic bath, when twelve minn 
auiSced to render it completely liquid. It must bo bome in mi 
that tliBse results are produced without a strong dranglit, t 
flame being indeed so uiild as not to oxidise the unprotect 
metal, which can be maintained for several hours as liquid sti 
in the furnace without adding carbon in any form. 

It may he matter for surprise that the material composing t 
furnace can be made to resist such a he^it ; and it must be t 
mitted that the best Dinas brick is the only brick capable of i 
sisting for four or five weeks, by which time the thickness oft 
arch is reduced to about 2 in. by the absolute fusion of the ioi 
surface ; but this excessive heat is confined to the heated ehv 
ber only, the regeneratoi's being at such a moderated heat tl 
the chequer-work will titaud for months, and the arcbes for yM 

la conclusion, I wish to express to you my sense of the i 
proportion that exists between the magnitude of the task I h 
brought before you and my ability to accomplish it in all 
ramifications. It may be granted that the regenerative gas fuin 
itself has passed beyond its experimental stage, but much is jel 
be done in working out tiie applications of the system to ths i 
ful art^ and tlie modifications and improvements in prooa 
which it frequently involves. 



Much also is yet to Tjb done before tiie method of producing 
caat steel, in one direct proceed from the ore, can take it^ place a^s 
tliH ncogniaed sydCem of making steel on a large scale from the 
purer iron ores — a position that I firmly believe it will aseume, 
sooner or later. It ia niy earnest hope that in bringing this gub< 
ject before your Society, I may induce some of its menibere to 
forward this resuU by taking up particular briicchea of the scJen- 
tiiic inquiries npon which I have onJy been able to touch lightly 
ia my present communication. I have much pleasure in ac- 
kaowledging the aaeistance I have received in working out thLi 
subject from Mr. 'WilliaM Hackney, my principal superintendent, 
Bud Mr. Willia, the chemist in charge of my experimental works.'' 
30. Keeeen'a Moveable Fire Bar Famace. — A model of thia 
ffaa exhibited at the Havre Exhibition in 1868, and of which the 
following is a deacription and illustration; — This moveable bar 
(nmace, invented by M. Eeescn of Hiivre, mechanician in chief 
til the " Compagne G6n^rale Transatlautique," is illustrated in fig, 
46, The aim of the inventor has been to provide a means for 
regulating the consumption of the burning fuel in the furnace 
proportioned to the speed at which it is desired to work the en- 
gins. Thus, for example, if the captain, during a favourable wind, 
"nbes to gave steam, he orders one or two of the boiler furnaces 
t" bs drawn ; but if the wind changes, and the same speed of 
■.(^1 is to be kept up, the fires have to be relighted, or fired-up. 
Keesen's system of furnace the Eurtiices of the grating are 
finished, and the fuel is drawn up towards the dead-plate when 
'11- speed of the engine is to be reduced ; and when required to 
<i-- lull speed the surfaces of the grating ate again increased, and 
the fuel spread over it ; the apparatus is also useful as preventing 
'blinkers. The furnace illustrated in. fig. i6 is composed of a 
moveable bridge A, the bricks of wbich are carried by an iron 
shoe, the extremities of the sides of which are united by a cross- 
bar «, which receives the end of a screw D, which is carried for- 
ward to the front of the ash-pit, and provided by a hand-wheel 
[, by turning which the bridge A is made to be drawn to, or 
made to recede from, the dead-plate of the furnace. The plate 
[ prevents the aahes, &c., falling upon the screw. The sprlog- 
•iiaia K. serves to bring back the m.oveable bridge A, when the 
crew is reversed. 
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31. Experiments on the Coah of South Lancashife aud Che- 
^ire. — In order to eBtabliah the high commercial value of the 
bmIb of the above distriote, the " South Lancashire and Chsahire 
Gal Association" requeated Dr. Thomas Richardaon and Mr. 
Lavington E, Fletcher, to institute an elaborate iind careful set 
' experiments. These gentlemen have now published their 
'■'■■■yoTt, to which Mr. M. W. Peace, the secretary of the Asaocia- 
tiun, fnrniahea the following preface : — " The recent diacussions in 
lie House of Comraona upon our coal-fields, and the appointment 
i! a Royal CommiBsion to inquire into their probable duration, 
lave directed public attention so prominently to the subject of 
■il, that it will hardly be necessary to do more than allude to 
: importjince as one of the great sources of our national wealth. 
'■ may be well, howevar, in remind our renderrt that the eoal dis- 
':.rt of South Lancashire and Cheshire ia the third largest coal- 
. ill in this country, A large capital has been embarked to de- 
b)>e its resoorees. It gives direct employment to nearly 
I '^0OO persons, aud yields an annual output of about thirteen 
iLillion tons. 

The coal-owners who conduct this lai^e and important trade 
Iind many queetiona constantly arising which affect them as a 
hiy, and some years ago tbey formed tbemsalves into a society, 
lulled the South Lancashire and Cheshire Coat Association, to 
protect and advance the common interests of the trade, in the 
videst acceptation of the term. One of their fundamental rules 
K to exclude from consideration nil questions relating to the price 
nf coal, and to the rate of wages paid to the miners. The work- 
ing of the Acts for the fiegiilation and Inspection of Mines — the 
Parliamentary Select Coramittoea upon those Statutes, and upon 
the Law of Master and Servant — the tolls, terminal charges, bye- 
laws, and regulations of railway aud canal companies, find abun- 
(iant materials for exercising the watchfulness of the Association. 
lU attention is also directed to tbe improvement of railway and 
canal transit, and to the iucreoae of facilities fur the shipping 
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and export of coal. As nn illustration of tlie pnblio apirit d 
tliia body it may be mentioned, that they have recently offewJ 
tot competition to the world prizes of ,£500. £200, and £100 
lor the let, 3d, and 3d beat coot-cuttiuy;- machine, whieb, i 
the opinion of the committee appointed for that purpose, (Jul 
be ileemed most suitable to the requirement:- of the trade. Tk 
^iicceesful adoption of such a machine would tend not onl; 
uiieapen production, bat materially to lessen the most labong 
work of the miner. 

In 1864, Mr. John Lancaster, then the president, called Uu 
attention of the trade to the abseuce of tlie ateam coals of tl 
district from the Admiralty list of coaU to be supplied fyt tl 
use of 8t«am ships in H. M. navy. It appeared that out n 
the numerous workable mines of coal in this district many m 
suitable frir steam purposes, but that these steam coals wen i 
on the Admiralty list. 

The absence of almost any demand for the navy at the ahip- 
piiig potts of Lancashire and Cheshire had probably prevenM 
any combined movement to procure the admission to the Ad 
miralty Hat of the ateam coals of that district It was uiily 
when the export trade of coal from the Mersey was shown to Ik 
seriously affected by this state of affairs that remedial mc 
were taken. Foreign orders received there for the shipment 
coal, directed vessels to be laden with coals ' on the AdminltJ 
list,' showing that it had unintentionally become a commereitl 
standard of quality in foreign markets. The result was t 
vessels in the Mersey, returning abroad with coal could i 
avail themselves of the abundant supplies ready for tbem il 
the harbours to which they had been sent, but were obligeil t 
go in ballast to the ports of South Wales and the Tyne for tl 
cargoes. Thus, tlien, a list issued by the Admiralty, prhap 
the most important department of the Government, profesui 
to name 'the' steam coals of the country suiiablo for H. 1 
t.hips, was defective and partial in giving some, and not all, i 
the steam coals of the kiugdutn applicable to the purpose. 

The incompleteness of the list not only injuriously afl 
the coal and general shipping trade of Lancashire and Chediii 
but, it is submitted, the interests of the nation at large, in shu 
ing out from the navy a large source of supply of steam coal. 



it become, tliea, an object of the Asaociation eitlier tn have tliu 
'I'liiuof thbir Bteam ci^als recognised b; being placed on this list, 
'I io establish a geOL'ral test by a Government department, acces- 
■ible to all, as of light, whose certificate would ba aatiafactory in 
I ireign commercial circles. The assistance of tbo county and 
imugh tnenibets of the district was invited, and in many in- 
,;nces the appeal was cordially resppnded tu. On the 31st May, 
i'^'il, a deputation from the trade waited upon the Duke of 
-"liieraet and explained the whole subject. Thia was followed 
■ ) the permifflion of the Lords of the Admiralty for the testing 
i ihe steam coals of tbe district at Keybiim, and by an inquiry 
. 1 the descriptions of the coals intended to present. 

The Association, wishing to have a selection of steani coals 
mule by impartial authorities, requested Mr, Dickinson and Mr. 
Higson, H.M. InapectorB of Mines for the locality, to select such 
of the stearo coals as in their opinion ought to be forwarded to 
Keybam. These gentlemen kindly complied with this request, 
and made a report on the subject. 

It was deemed advisable that the Government trials should 
tifl Ruperin ten lied by some scientific gentlemen on behalf of the 
* j.ie. The advice of Dr. Richardson, of the Durham University, 
',n sought, and he recommended that, before the coals were 
ried by the Admiralty engineers, experimental trials should 
lie made at some central place in the district. This was at 
unoe agreed to, and Dr, Eicliurdson, by permission of the Ad- 
miralty authoiities, obtained plans of the marine boiler, ieedjog 
uid test apparatus in use at Keybam. The Association, at con- 
liUerable expense, erected in Wigan /ae similes of the ma- 
chinery. Dr. Bichordaon and Mr. Lavington. K Fletcher, of 
the Manchester Eoiler Association, an en^'ineer unconnected in 
uiy way with the coal trade, were requested to experiment and 
report upon the coals. Under thi,ir supervision the elaborate 
trials detailed in the report were made. These numerous trials 
•uleuded over eighteen months, during which period Mr. John 
!„incaster, Mr, Fereday Smith, and Mr. John Knowles weie 
Li;oessive presidents of the Association, They have all been 
liducted strictly in accordance with the Admiralty rules, and 
', a government stoker who had never u^ed Lancashire coal 
(lEil he commenced to work at these trials. 



a. red heat, A wrought-iron pipe descends into each hopper fton 
a general gas tube above, through which a cutrent of ordinal 
piwlncer gaa in forced in amongst the heated ore. "She propul- 
sion of the gas if effected moat conveniently by means 
jet in the gai< tube leading from the main gas chunnel to the top 
of the furnace, care being taken to effect a total condunsation of 
the steam by passing the gas finally through a small scrubber, i 
which water trickles over pieces of coke. In this way the gaa ia 
at the same time purified from sulphurous acid, the sulphur of 
which might otherwise combine with the reduced ore 

The furnace ie charged in the following manner ;- 

The hoppera and gas-pipes being placed in position, about j 
cwt. of ciiarcoal iti charged through each hopper to form a basis 
for the ore with which these are afterwards filled. 

About 1 cwt. of pig metal is chafed through the ports at tbft 
back or front of the fumnue, which, upon being melted, forma a 
metallic hath below the hoppers. In the meantime, the o 
the lower parts of the hoppers being heated in an atmosphf 
reducing gas, has become partially reduced into metal sponge, 
which, in reaching the metallic bath, is readily dissolved ii 
making room for the descent of the superincumbent ore, which 
is likewise reduced in its descent, and dissolved in 
fresh ore being continually supplied on the charging platform. 
The diasoiution of the reduced ore proceeds with extraordinwj 
rapidity, but is practically limited by the time necessary to oT 
the reduction of the ore in the hopper, which occupies sereBd 
hours. It is, however, not essential that the ore should be tho- 
roughly reduced before reaching the bath, because the carbon con- 
tained in the cast metal serves also to complete the operation. 

I prefer to employ a mixture of hematite and spathic ore, cm 

Itaining the elements for forming a fusible slag, which wUl a 
mulate on the surface of the metallic bath, and may be from time 
to time removed through the centre door. If the ore oontaiiu 
any silica, it is necessary to add some lime or other fluxing mil' 
tcrials, but it ia desirable to employ ores containing little g 
in order not to encumber the furnace with slag, reserving Hu 
poorer ores for the blast furnace. The ore should, moreovu', b 
in pieces ranging &om the size of a pea to that of a walnut, ii 
ueder to be pervious to the reducing gaaea. If ores in the ton 



fdgineer officers worB sent down to Elswiok and Caiiiiff to report 
upon exjwrimental coal trials. Eventuftllj, after great efforts, 
and repeated representations to the Lords of the Admiralty, their 
lurdships were pleased to coosent to this course, and to direct 
ll)at engineers should be sent to Wigan froni Plymouth and 
Portsmouth Dockyards to make a similar report 

From the careful manner in which these trials have been con- 
iliicted, and from the results appearing from them in the tables 
of the following report, thera ia little doubt that a favourable 
stitement of the coals will be made to the Admiralty. 

P.S. — Since the above report was written, the (jovemment en- 
gineer officers have visited this district, to examine and report 
upon the experiments recorded in the following columns. During 
the course of their inquiry, it was su^estud that an esperimeiit 
should be made on board a large steamer. For this purpose, 
the Lindsay steamship, of 800 tons burthen and upwards, was 
placed at their disposal, and the results proved that these coals 
niuld be burnt with ease, by ordinary stokers, at sea, without 
ttie production of any smoke, whilst, at the same time, a full sup- 
ply of steam was continuously maictained throughout the whole 
tnal of four hours. 

I REPORT. 

■^ WwAN, ist July. 1867. 

^H Mesgis. ' The South Lanazsliirs and Cheshire Coal 

^B Association.' 

^'gentlbmen, — 1. We have now the honour of reporting the 
feaults of the experiments to which "we have submitted your coals 
in a marine boiler, built according to the type of boilers used in 
the navy. 

2. The coals wliich we have tried were selected for this in- 
quiry in accordance with a circnlar, from which we extract the 

following details : 

tSovih Laneathire avd Chahin Coal Association, 
Rooms, Claranqa Hotal, Man cheater, 
22rf September. 1864. 
Adhikalty Coal List. 
BAB Sir, — The committee on this subject have determined 
1 the reports of Joseph Dickinson, Esq., and Peter Higson, Esq., 
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iuspectora of mines (who tave kindJy asaiated in tbti mi 
the following mines shall be sent to the Admiralty i 
for trial, and that the samples forwarded shall be taker 
poiliery named opposite thereto. 

Ma. IHckissok"b DiarEict. 

The Brii^BWttter Trustees. W 
aud Holland, ' 



Woraley lo)p foi 
Upper Cruinboulie, 
Lower Crumboukc, 
Upper three-ysrcis, 
Six-feet Roma, 
Great seven- feet, 
•Koger. 
Yard. . 
•Arley four-feet. 



I Messrs. Andrew Knowles and 

Messra. Knowles and HaI3, H. 
1 Atberton Collier;, near Mac 
i Fletcher and others. 
( The Kirkless Hall Company, 

James Digf(le, Eso., Westleigl 
\ ThBLordafieldCollieryCompa: 

under Lyme. 
I llieArldy Main Colliery Camp 

The Kxeeutors of J. HacgrsBVE 
Mit. HtoaoN's DisTBiCT. 
Little Dslf.l 



Frnta the Pembe 

or two-feet mine, and Pember- 

ton four-feet mine, where the 

two lie so near together as to 

foriii one segm, . . 

From the Haigli or Arley Yard J 

From the Furnace Mine, 
From the Bickeratafte fonr-feet, j 

a Blaugal« Mine, . . { 
From the Rushy Parif and Little 

Delph Mines, worked eimul- 

Uneoosl; and Mixed, 
From the fnoe three-feet, four' j 

feet, and soven-feet minus, f Strangewaya Hall Colliery, bi 

worked aimultaubously and [ Wm. Heyes, Esq. 



Kirkless Hall Colliery, belani 

Kirkless Hall Coal Compan 
IncB Ball Colliery, balongii 

Hall Coal and Cannel Com] 
BickerBtaffeColliery.bBlongin 

BrnmUow, FoBter, and Co, 
'ITie Garswood Park Colliery, 

belonging to Messrs Bromil 



sibl( 



im the Arley Mine, . 

3. In order to render 1 
have aiTanged li 
the follo\Yiiig onler, vi 



CravFfoni and Balcorres. 
mass of details as intelligili 
report to embrace the vorio 



* Thuse coals were not tried, 
to the Hiperi mental boilora. 

Hindley Yard Coal was aiibnntted to 
ooniniittee of the ABsneiation in lieu of tb. 



the proprietors declined to ai 



EXPEBIMENTS ON COALS. 

I. Tht Apitaraliui. 

1. Boiler. 

2. Feed. 

3. Dranglit. 
1. Tempenilare. 

II. Mode of CondvcliTig the Ex]>erhim 
111. ModifaaHons. 
1. Firedoar. 
S. Grat«a. 

3. Fira Cridgs. 

4. Steam Jul. 
fi. Smoke. 
8. Clinker. 
7. Tniica. 

IV. Sloteage. 

V- Mixtd and other Coals. 

1. The ApPAaATUB. 

1. BniZo-. 

^. The boiler is of the marine muUitubular type, and ( 

ipouJs in every respect to the one eraployed at Keyhaai for testing 

ittun coal for use iu the Governmeiit service. It ia a type of t!ie 

(li« used on board Her Majesty's steamers, thgiigh amaller tiiaii 

i"iy in actual service, hut preserving their general proportions. It 

If 8 ft. 10 in. high, 7 ft. 8 in. long, and 5 ft. wide, containing two 

f^imscea, each I ft. 8| in, wide, with wrougiit iron bars, 4 ft. long, 

I in. thick, and i in. spaces, and an ordinary vertical bridga 

n^te are 134 available internal tubes, 5 ft. long, and 2^ in. in- 

;'le diameter, giving 364*7 square feet of heating surface. The 

"fttof the firegrate is 13749 square feet. The chimney is 18 

m. iliameter, and 52 ft. high from the top of the boiler. 



S, The feed apparatus ia estremely simple. The boiler is fed 
'"1(11 a wator-tank by a 2-in. direct pipe through a 2-in. stop-cock. 
' III: tank is situated a little distance from the bailer, and so placed 
'■lilt the bottom IB nearly level with the top of the boiler. It is 
' i\ 6 in. long by 5 ft. 3^ in. broad, having a superficial area of 
■''0 square feet, with a capacity, therefore, in pounds, for every 
inch in depth, of 260^ lb. To this tank is affixed a graduated 
if^ile in feet and inches, the indicator of which is worked by an 
iitJinuy wooden float, so that the esnct amount of water passefl 
"il« the boiler ■can he correctly measured at anj time. The ata^ 
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by the old processj owiug probaLJy to the presence of eurhan oi 
athei alloy iu lJ;actloiial quaQtities. 

Avoiding the use of iiised platinunt wire, I have meaaiirei! 
temperatures by electrical resistuice up to a full welding heat, 
which I estimated at 1600° C.=2900'' F. ; and in judging th« 
heat of the ateel-molting furnace by comparison of effects, I 
ahould put it at not less than 2200° C.=4000° F. The effect of 
thia degree of heat may he judged by the following ; — 

An ingot of rather hard caet-steet, weighing G cwt, was intro- 
duced iuto the furnace to be incorporated with tbe bath of stoel 
The ingot was nearly cold, and was allowed to remain fifteen 
niinutea upon the bank before it was pushed into the hath, where 
it was completely dissolved in tifteen minutes, the time occupied 
iu heating and melting the ingot being thirty minutes. A cube 
of wrought metal, of nearly 8 in., weighing 130 lb., was also in- 
troduced eold into the furnace, and allowed to remain upon tl 
hank during ten minutes to be heated externally to whttenen, 
before being pushed iuto the metallic bath, when twelve minntei 
suificed to render it completely liquid. It must he borne ii 
that these results are produced without a strong draught, t^( 
tlame being indeed so luild as not to oxidise the unprotectei 
metal, which can be maintained for several hours as liquid stee 
in the furnace without adding atrbon in any form. 

It may be matter for eurprtee that the material composii^ iHk 

furnace can be made to resist such a heat ; and it must be ad 

mitted that the best Dinas brick is the ouly brick capable of n 

sisting for four or five weeks, by which time the thickness of A 

atoh is reduced tu about 2 in. by the absolute fusion of the inM 

k Hufuw ; but this excessive heat is confined to the heated chafl 

■<bw only, the regenerators being at such a moderated heat tlu 

I'lhe obequer-work will stand for months, and the arches for ysM 

la oonolusion, I wish to express to you my sense of the di 

portion that exists between the magnitude of the task I bm 

nagkt before you and my ability to accomplish it in all i 

■'BmiUcBtions. It may be granted that the regenerative gas funui 

*elf has passed beyond its experimental stage, but much is yetl 

HA in working out the applications of the system to the in 

\ and the modifications and improvenienta i 

frequently involves. 
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^Hfa], 01 caKful firing. In fiome «xperimeuta a nndom sjatem 
^fflring was adopted, which consisted in spreading the coal over 
Tie whole area of the grates. In all cases the mode of firing is 
iHuordeJ. Each furnace was fired alternately ; but in some in- 
Htaiiuea the furnaces were charged simultaneously without produc- 
ing my perceptible effect aa far as the appearance of smoke was 
enncemed. 

12. The thickness of the fuel on the grates has proved to be 

-<:i important element in the proper management of your unals. 

"■■ iiave tried 9, 12, and 14 in. fires, and in all instances, what- 
1 were tbe other conditions, the greater the thickness of the 

■, Qiore sp«efl and power were obtained from the coals. We 

*l*ct the following data from the records annexed in illustration 

nf this point : 




Fdwer, dr 
Poiuia> of 
WltM E™- 


Co&"l 




Onai 7 ft., B in. firts, 
lilMkro-i yard, S in. firea, . 
Or«t 7 ft. U in. firea. 
Kickrod yard, 14 in. fires, . 


9779 
[0 238 
19-194 
11057 


41-7*8 
53-303 
4u363 


13, The appearance and coatinuanoe uf any smoke was re 
f"rd&], according to the system adopted in the Government 
«periment3 at Keyham ; and we would remark that, with thick 
^rts, the formation of smoke was reduced to zero. 

'"it in Bonie instances this was dispensed with, and in such cases 
'lie fact is recorded. Nearly all the experiments prove the ad- 
'sitage of this practice, by which the grates being kept clear, 
""Hft air is admitted, and both speed and power are increased. 

I5. In the management of this and every other point con- 
"'ifed with the most profitable use of coal for raising steam, we 
°^ot insist too strongly on the epiployraent of men as fully 
•rained for such duties as enginemen are expected to be, who 
'mve chaige of the machinery in which the steam is employed or 
'*6d. On all these points in our experiments, we think this the 
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Ly the old ptoceas, owing probably to the preseuce of carbon o' 
uther alloy iu fractional quantities. 

Avoiding the one of fused platinum wire, I have measured 
tempiratureB by electrical resistance up to a full welding heat, 
which I estimated at 1600° C. = 2900° F. ; and in judging tL» 
heat of the ateel-melting furnace by comparison of effects, I 
flhould put it at not less than 2200° C.^4000°F. The effect of 
this degree of heat may bo judged by the following : — 

An ingot of rather hard cast-steel, weighing 6 cwt., was intro- 
duced into the furnace to be incorporated with the bath of a 
The ingot was nearly cold, and was allowed to remain Giima 
minutes upon the bank before it was pushed into the bath, when 
it was completely dissolved in hiteen minutes, the time occnpieo 
iu heating and melting the ingot bemg thirty minutea A cubf 
of wrought metal, of nearly 8 in., weighing 130 lb,, was a] 
troduced cold into the furnace, and allowed to remain upon th< 
bank during ten minutes to be heated externally to whitenen 
before being pushed into the metallic bath, when twelve minntei 
sufQced to render it completely liquid. It muet be borne in 
that these results are produced without a strong draught, thi 
Same being indeed so [uild as not to oxidise the uU]irotectei 
metal, which can be maintained for several hours as liquid stei 
in the furnace without adding carbon in any form. 

It may be matter for surprise that the material composing til 

furnace can be made to resist such a heat ; and it must be ■( 

mitted that the best Dinas brick is the only briek capable of r 

sisting for four or five weeks, by which time the thickaese of tt 

arch is reduced tu about 3 in. by the absolute fusion of the inn 

suriace ; but this excessive heat is confined tu the heated chai 

ber only, the regenerators being at such a moderated heat thi 

the chequer-work will litand fur months, and the arches for yea 

la conclusion, I wish to express to you my sense of the d 

pioportion that exists between tho magnitude of the task I hai 

brought before you and my abihty to accomplish it in 

mmificationa. It may be granted that the regenerative gas fumai 

I itself has passed beyond its experimental stage, but much is yet I 

I be done in working out the applications of the system to the a 

[ fill arta, and the modifications and improvements in prooeas 

L irluch it frequently involves. 



EXPERIHESTS ON COALO. 



I'ounds ofwster at 100° Bvap. per pound of 0081=^ 11 '278. 

Pubic (eet of water at 100° evap. p<T honi — 18'77. 

&imle mirks per honr — 21(1. 

1^' in. of water evaporated from lank aftsr experiment dosed nith the fa 

'■ "n Ihe bara. 
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^9, In concluding our remarks on thin portion of our rep 
^ay perhaps explain that all the preliminary expericuBnta « 
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made with the same coa.1, viz., from the yard eeau. Th 
necessary in order to enable us to acquire a knowledge i 
best mode of testing your coals, and to gmde nur opiniou in 
ing a correct judgment of the importance to be attached 
various moditicatious as they were made, and which are ezp 
in the following sections. If we had used first one coal am 
another at this stage of our inquiry, we might have beai 
loss whether to attribute the improvement or declension i 
alteration introduced or U> the change of fuel. 

19a, In nearly every instance, each experiment waa rej 
in some cases more than once, so that no error might esca] 
notice from want of verification. 

20. In ueing fuel for raising steam, it is obvious that tb 
cess, commercially or otherwise, depends upon the quanlil 
the way in which the air is supplied to the fuel. 

31. In all our experiments the air was admitted throuj 
grates and a, perforated fire-door. 

22. The character of the coal must regulate the quanl 
air to be admitted through the door or dead-plate. The co 
tion of Welsh coal being almost, so to apeak, local, it do< 
require the admission of air through the fire-door ; while tht 
bustion of Hartley coal is greatly facihtated by a supply 
in the front of the furnace. 

23. We had therefore to determine how fur your coals re< 
a modification on this point. 

2i. The sketches (two only of the beet were given) of th 
doors No8. 1 to 7 wdl enable you to form a correct idea ( 
mudificationa we have tried. 



25. These modiiicatiotiH have beeu tried in connection with 
Uv: nnd short grate-hara, and placed at different levels. 

i'K Having regarJ to the number of amoke marku, the tem- 
■ rature of the sraoke-box, and the work performeii, we have 
■- ■.mi that the perforations of the ioor, aa ahown in sketch Nos. 
'i aad 7, are those beat adapted for your ooala With closed 
liriura the combustion is imperfect, and accompanied with Iom of 
i"iwer, as ahown by the following experiments : 
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'27. The best mode of using these linjited perforationa, is to 
w'ifk the shdee so as to close them altogether soon after a new 
tliiirge haa been thrown on the grates. The estra supply of air 
I! needed just as the fresh coal cnmniences to evolve its gas, 
«hile the air passing through the grates is amply sufficient, for 
|*rfect conihnstion, after the coal has been partially carhoniawl. 
2S. The experiments made with a perfojated dead-plate, io 
irinection with a smaller area of perforation in the lire-door, did 
■'I laad to any decisive resiilt. This is due, as we believe, to 
'■1^ fact that the dead-plate is not under the same control as 
'i'e Joor, and to the tendency of the combustion of the fuel to 
fxlcnd to the dead-plate; or, in other words, to a point where 
'' i^ so desirable that the air, when admitted, should only mis 
"ith the coal gaaes in course of distillation for combustion in 
contact with the conducting surface of the boiler. We select 
^^ following results to show the difference between peribrated 
*") closed dead plates. | 
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2. Grates. 

29. The different points to which we liirected onr attention > 
refurence to the grates were their length, thickness, windage, K 

30. We tried lengths of 2 ft. 3 in., 2 ft. 6 in., 3 ft., 3 ft, 3i 
and 4 ft., a thickness and windage of 1 in. x } in., /g !i it 
X ^- I i *< I' 1 J ^ I's- '"'*'' ''^'*^ levels, hiyh, middle, and loa, U 
former being aj in. below the crown of the furnace, the eeeo 
13J in., and two of tho Utter respectively 16 in. and 18 ia 

31. We also tried hara of cast and wrought iron, 
33. As regards the first of these modifications, withont gw 

into a minute criticism of our observations, we found that ir 
bars 3 ft. 3 in. long it was impossible to burn ofT the coal to i 
best advantage, while witli bara 4 fL long then was a great to 

33. The lengtli of grate which is evidently best adapted i 
your coals in this boiler lb 3 fL, showing an urea of 10'31! 
square feet, with which we have practically a smokeless i 
and accomplish the largest amount of work with the grea 
economy. 

3-t. Tlie high level bring.? the grates too close to the erowi 
the furnace to enable the stoker to use the thick fires which I 
so advantageous, and the same n'mark applies to the mid-le 
grates. 

35. The low-level grates have given the best resuits, as t1 
enabled ua to use iires 14 in. thick. 

We select the following experiments in illnsti-ation ; 
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■ifi. The tliick iires nndoubtedly act in virtue of the quantity 
' beat which is producud at the po-int best adapted for its con- 
! iction to the water. It is also probable that their more efficient 
'Umr depends upon theii bringing a mass uf solid incandescent 
I ''A in direct and close contact with the iron of the boiler. The 
' eduction of the heat is mnch more rapid between these two 
!i'ls — the fuel and the metal — than between mere heated gases 
'-A t]i« tiibea. The flame whith aometimca passea over uiU 
-.'ler the bridges into tlie flame-chamber may be regarded as 
" ciintatt of two solid sulBtnnce.s, the flame in such cases being 
'^'ly solid particles in a state of incandescence, .and, iu good 
iin.'^ment, this flame never extends to the end of the tubes. 
il". We believe that, with your coaK the gre.it object ought 
1 1« to accomplish as much of the work aa possible on the 
::uka, and looking to the flame-chamber and tiibe.^ as auxiliaries 
to line the escaping heat of the flame and hut gases. 

38. When so managed, coals of the type of this coal-field are 
'iiiinirably anitod for mai'ine boilers. 

3. PirtBridfja. 

39. Oup modifications of tliis part of the apparatus were con- 
'''iBil to the thickness of the bridge at the end of the grates, 
"** air apace above, and the addition of a hanging bridge with 
"'« air space below and that between tlie two bridges. 

iO. The variations in the case of the vertical bridges wcru 
''^ited to two thicknesses, 9 and 15 iiL, with an air apace of 
'*!., 9ia, and Hin. above. 
41, With the hanging biddge, the air space, belwee.n it and 
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the vertical bridge, v 
12 and 15 in. fpacea 



varied from 9 in. to 13 in., and ' 

42. No material benefit was obtained by increasing the 
nees of tbe vprtical bridges, nor did the quantity of heat, tht 
accumulated, assist in the prevention of smoke, and dispent 
iiareful stoking. 

43. When the air space was reduced tu 6 in. above the ' 
with a view of deflecting the flame towards the boiler a 
creasing the reverberation in the flame-chamber, we found 
the obstruction to the draught more than coimterbalancec 
advantage otherwise obtained. 

44. The adoption of the hanging-bridge proved a decide 
provement, not so much by increasing the power of the fne 
by giving greater steadiness to the wliole operation. The 
was enabled to act with more freedom, and the accamulati 
lieat in the bridge at tliia point proved of great advanta 
preventing the formation of smoka For example: 
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4. Steam Jet. 
45. "When experimenting with some of the coals, and 
tain conditions of air, we found the draught of the chimne 
occasionally too slu^ish to elicit the full power and speed 



46. The effect of the steam jet was most decided. Tht 
of evaporation was considerably increased, while with somi 
coals Uie economy was but slightly diminished, as shown 
following results: 
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17. We would refer you to experiments Noa. L, II,, in corro- 
'firation of tbe above statement. 

46. It is almost aeedless to point out how important such a 
(KinBt as this application of the steam jet would become on 
lioanl a ship under certain circumstances. 



I 4!). We have already more than once directed attention t-o 
tiie ^t that when your coal la used in a manner suited to its 
'liMacter, it is truly a " ainokeless fuel," and in the course of 
iliis inquiry we made some esperinieiita in reference to this point 

50. The formation of smoke doubtless arises, in the case of 
'-Mlfl of the character of those we have iised, from the sudden 
Solution of gas when fresh coal is thrown on tin- furnaces, and 
''ben an extra supply of ait becomes necessary for the perfect 
"'inbustion of the gases. 

51. This extra demand hr air, under the circamstances above 
iiitntioneil, is fully provided by the use of the perforated door; 
''A acting on our idea as to the too sodden evolution of gas, 
"t brought a small water-pipe to the front of the boiler, with a 
'imnch entering each furnace juat above the iiredoor. This 
'ranch pipe was bent with a slight curve downwards in direction 
'f the coal, and the end covered with a rase. 

52. When a fresh charge of coale was thrown on the dead- 
Plate, a fine shower of water was discharged on the surface of the 
'^al to damp it, and thus regulate the distillation. In the ea- 

^^riments made with this .irtangement, the number of smoke 
** Qrks recorded were greatly diminiahed, and in some eases wot 



m 

tire dd^^^H 

^^ 6. Ciinifr. I 



ie3 ESGINEERIKQ FACTS. 

a Hingle trace of amoke was evolved during the entire d 
of the trial 

53. Ab out knowledge of the proper method of using yi 
increased, we found it totally unnecessary to have i 
this or an; other expedient for this purpose. 
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54. The formation of clinker on the grates ia a serious drtw- 
tttck to the use of nearly every description of coaL 

55. The chantcler of the cliokct greatly varies, sonie ioBg 
dry and others of a pasty conststenca Some are easily removed' 
from the grates when cold, and others are firmly attached. 

56. In many cases the clinker is formed at the expense of the 
grate bars. This difficulty has been Dvetcome, in some eases, Ij 
covering the grates vith blocks of limestones; but such a plan it 
unsuited for marine boilers. Coating the bars with fire-cliy, 
burnt into shape, has also been tried with excellent reeulta. 

57. We made some experiment on this point, modifying the 
above experience in the fuUciwing way: We mixed a small qnu- 
tity of lime with the coal befcK throwing it on the grates, in Iht 
hope that the lime would form a dry residuum with the aahca ot 
the coal, but the result, although favourable, was not so deciilcd 
•a to justify us in prosecuting the inquiry. 

7. Tuia. 

58. We often had occasion, during the earlier experiment*, to 
examine the working of the Ores, the action of the fire-bridg«, 
and the reverberation of the flame in the flame-cliftmber. ^lia 
was done by looking through the sighf-holea in the bock and sides 
of the boiler, which were opened for the puriH-ee. 

59. The opinion being very generally entertained that the 
flame, in passing from the fiimate to the smoke-bus, escaped 
through only a portion of the tubes, leaving the other tubes 
parutively useless, we tried some experiments in which some of 
the tubes were plugged. 

fiO. As the lower ranges lie over the fltes where the heat 
•neatest, we thought that, in diverting the tiame to the hi^Mc 
Niwa of tubes, we might effect a better absorption of the ' 
ind thus improve both the power and speed of the ooaL 



t We put our ideas into practice by plugging tho lowi 
8 well as other tiioditications, and carefully watched H 

i These results did not eatiafy our expectatious, aiid the 
were diBcontinuBil They, however, proTa that the 
IT of tabes may bo diminiabed without lessening the power 
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IV. Stowage. 

s3. In this respect your coal holds a prominent position among 
gfte l»Bt steam coal of this country. 

The following figures give the wrigiit of a cubic yard of vsri- 
'." cnala in difl'erent conditions: 
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V. MixF.n Coals. 

G4. It having been suggested that we should try various mix- 
tures of Lancashire coals, we made several experimenta, which 
are recorded in sheets Nos. 30 and 31. 

66. Two classes of mixtures were tried, the one being made 
np of different Lancashire ooala, and the other of Lancashire and 
Welsh coals. 
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66. Tte results confirm those obtaiaed in preTioua experi- 
ments, the epeed and power of the inixtiire being about a i 
of that of each coaL 

67. The value of the Lancashire coals is also shown in the 
efficiency of a mixture of the dust of Welsh coal with Lanca- 
shire coal The fotoier was so fine that it could not have 1 
burnt alone on the grates. The following experiments 
quoted in illustration of this point: — 
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Offter ConU. 

68. Having employed the inverted fire-bridge in most of 
our experimeutfl, it waa thought desirable to submit Welsh and 
Newcastle coals to trial under the same conditions. 

69. The following are the results — from which it appears 
that we have obtained rather more work and economy than in 
previous trials with these coals, which are placed alongside Ibr 
the purpose of comparison : 
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70, The small of your ooal is itself of superior quality, and 
1 have reported a trial made with yard slack to determini 
', with the following result : — 
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71. Thevalufl of the Bmall coal, in the case of tlie Lanca- 
sliire coala, evidently arises from their physical character. 

72. The Lancashire coals are of a hard natura, resist the 
disintegrating action of the weather, and the small coat pro- 
duced by attrition is of a rubble character, quite unlike the 
liost which is produced by the Welsh coal under the same 
i.irciimstances. 

Conclusions. 

73. The great power of this coal, the rapidity of its com- 
id^tion, its Bmolieless character when properly used, and the 
lacOity with which it is managed by the stoker, places it in 
the firet rank of steam coaU. 

74. We think that these experiments fully prove the value of 
Lancashire and Cheshire coajg for use on board steamships, both 
in Her Majesty's navy and in the commercial steam marine. 

We have the honour to remain, Gentlemen, 

Your ohedient Servants, 

Thomas EroRiRneoN, 
Lavinqton E. Fletcher, 
32. Liquid Fuel. — Under the above title a paper was read 
before the Society of Arts, London, by Benjamin H. Paul, Esq. : 
— " The economy of fuel is a subject of so much ioiportance 
in a variety of aspects, and it affords so much scope for improve- 
ment, that any suggestion made with that object is always de- 
«rving of full consideration; and, even if such suggestion 
-hould be impracticable or erroneons, it ia at least worth while 
■' demonstrate clearly the circnmetances which may be con- 
■lered as justifying an adverse opioion. That such a course is 
L]ipropriate in regard to a project which ia expected to involve 
II reconstruction of our navy and a radical revolution in steam 
navigation, will, I apprehend, he readily admitted. 



The propoaal to auhstitute for the coal now used wt fuel in 
steam vessels some kind uf liquid couibastible, is &a offshoot of 
the excitement which has prevailed during the lost few yean 
in regard to the discovery of vast quantities of petroleum in 
America; and it waa that material which was in the first in- 
stance recommended aa the substitute for eoaL A commiBsion, 
appointed in America to investigate the subject, reported that 
petroleum was beyond doubt more than twice aa effective as 
anthracite coal in the production of steam, and that steam could, 
by the use of this material, be produced in less than half the 
usual time. 

It was an inference by no means unnatural that if this were 
the case, and if coal could be superseded by this material as the 
fuel of steam vessels, a very great portion of the apace required 
in merchant steamers for the stowage of coal would he rendered 
available for more profitable cargo; that steam packets might 
become independent of coal dep&ta at various points of their 
passage; and that vessels of war would he enabled to keep the 
sea for a very much longer time than they now do with coaL 
Any prospect of such advantages as these being attainable might 
reasonably have been expected to justify a more thorough and 
searching investigation of this subject than it lias yet received 
in this country. 

Besides petroleum, several other analogous materials have been 
proposed as substitutes for eoal ; for instance, the oil obtained by 
distilliug some kinds of coal, or the shale which occurs in co^ 
formations, and more recently the oil known as ' dead oil,' which 
is one of the products obtained in rectifying the coal tai- of gas- 
works. All these materials resemble each other closely in being 
composed chiefly of carbon and hydrogen, which are, in varioua 
proportions, the combustible and heat-producing constituents of 
all kinds of fuel For the application of these materials, and of 
liijuid fuel generally, various methods have been proposed; but 
before speaking of them it is desirable to consider what is the 
evaporative power of these materials respectively, since that is a 
very important point to determine iu regard to the question as to 
I the relative merits of dilferent kinds of fuel. 
L The heat generated by comhuslion has been made the subject 
B of the most careful investigation ; and since the time of lAvoiaier, 
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, and Eumford, the more precise measurement of tha 
tatB of heat capable nf being' jiroduced by the comlxistion 
irboD and hydrogen has been repeated by several physicists 
I reanltB that agree so closely that they may safely be re- 
iB well established. The names of Dulong, Despretz, Au- 
i Fayre, and Siibermaim, are, moreover, an umiueBtioaable 
tntee that these results, and the methods hy which they 
■ obtained, are perfectly trustworthy. According to these re- 
heat- producing capabilities of carbon and 
^n are in tha ratio of 1 to I'S. The actual quantities of 
■ganetated by the combustion of a pound of carbon or of hy- 
3 follows : — 

Etlaiinf Calorific PmotT. ^| 



drogen, . 1 62,032 1-28 ^ 

8 heat unit here referred to is the quantity of heat which 
hthe temperature of I lb. of water 1° Fahr. (from 40° to4r). 
e numbers given in tha table represent the quantities 
ir capable of being heated 1° Fahr. by the conversion of 
K of carbon into carbonic acid gas, or of 1 lb. of hydrogen into 
As there are in the Fahrenheit thermometric scale 180° 
a the freezing point and boiling point of water, those num- 
divided by 1 80 give the corresponding quantity of water ca- 
fe of being heated from 32° to 21 2° Falir. Again, the quan- 
tf heat required to convert 1 lb. of water at 212° Fahr. into 
R of the samo temperature, is neaily 5i (more exactly 537) 
a much as that requisite to heat 1 lb. of water from the 
piiig point to the boiling point, therefore the quantities of 
;«ewn capable of being produced from water at 213° Faiir. hy 
the total heat generated in the combustion of 1 lb. of carbon or 
of hydrogen are of course ascertainable by dividing the number 
of pounds heated from 33° to 212° Fahr. hy fi-37. Theae several 
quantities are given in the following table: — 
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These quantities of IS lb. and. 64'3 lb. of water convertit 
into steam by the total heat generated in the combustion of 1 1 
of carbon or of hydrogen, represent what is termed the ' tb( 
retical evaporative powers ' of those substances. By the ta 
theoretical, hnwever, it is not to be nnderstood that these vaq 
are in any degree imaginary or assumed; they represent aStl 
facts, which have been established as the results of positive | 
servation, and they are theoretical in reference to the pracUi 
application of fuel only in this sense, that these results are I 
realized in ordinary practice. The reason of this is not the | 
istence of any uncertainty that the total quantities of heat gi 
erated by burning 1 lb. of curbon or 1 lb. of hydrogen are leapa 
ively capable of converting 16 lb. and 04 '3 lb. of water at 3] 
Ffthr. into steam; but it ia simply the fact tliat, under ordio] 
circumstances, only a purtiun of the total heat generated in rati 
case is ever available fur the production of steam. The eti 
ment of the theoretical evaporative power of fuel, or of carl 
and hydrogen as constituents of fuel, is, therefore, like the std 
ment of relative calorific power, only an expression of their n 
live capabilities, and it indicates in this respect a lituit whi 
though it cannot be excppiled in any case, ia never fully sttaii 
in practice. 

In order to ascertain wliat portion of the heat resulting fo 
the combustion of carbon and hydrogen is available for produci 
steam, it is necessary to consider what are the conditions uni 
which fuel is usually burnt, and what becomes of the heat g 
erated in the two cases. In making this inquiry it ia also net 
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sary to rememlier that the several Bubstaaces coacerned in the 
comlination of ftiel require different quantities of heat to produce 
equal increments of temperature in equal weights, as stated in the 
following table : — 

Quaitlilies of Ileal. 



Caibonig acid gai requiren 
Nitrogen 
Atmospheric air 

Water 

, Water »t213°Fahr. 



I tempenitnrB 
[ fromT 



900-100 for 



f Itwill be seen that water bas by far the greateat capacity for heat, 
bothintbestateof liquid and vapour, and that avery large quantity 
ui lieat is rendered latent in the conversion of water into steam. 

In the coiabastion of carhonj each pound requires for its con- 
version into carbonic acid gas 2'67 lb, of oxygen, which is derived 
from atmospheric air, and as this contains only 23 per cent, by 
weight of oxygen, it is necessary to supply about 12 lb. (more 
acrarately 1 1 '61 lb.) of air for every pound of carbon burnt. 

In the combustion of hydri^en, 8 lb. of oxygen are requisite 
liir each pound of hydrogen, and to famish this about 35 lb. 
iiDore accurately 3478 lb.) of air must be supplied. 

But fuel is never burnt for raising steam in suck a way that 
ilie supply of air ia only juat sufficient to furnish oxygen for the 
tniiveraion of its carbon into carbonic acid gas, and of its hydro- 
pm into water vapour. In order tri maintain combustion it is 
uEceasary to remove the gaseous products from the furnace, as 
KiAl as to supply fresh air continually; and when this is effected, 
;i^ usual, by the draught of a chiraney, the gaseous combustion 
I'vodacts become mix'id with the fresh air to some extent. The 

lit of this intermixture would be to retard the combustion of 
fuel, if the amount of burnt air or combustion products in 

1^ ^itmosphere of the furnace exceeded a certain proportion, 
i.i^nsequently, it is necessary to prevent this by supplying more 
•ir than would Buffice to furnish oxygen for combustion, so as to 
■lilute the combustion products and maintain an eKcesa of oxygen 
III the atmosphere immediately surrounding the fuel in the fur- 
; v. Careful observation has shown that in ordinary boOer fur- 

cs the quantity of air requisite for this purpose amounts 




FACTS. 



[DiT. 1 



to as mucli as that requisite for efTecting tlje chemic&l cfau^ 
which takes place in combustion, so that the total supply c 
ab to such a furnace requires to he at the rate of ahoat 2i 
lb. per pound of carhon hurnt, and about 70 lb. per pound < 
hydrogen burnt. 

Under ordinaiy circumstances the relation between the quan- 
tities of tbese substances burnt as fuel, the total heat generated, 
the air supply requisite for supporting combustion, and the fur- 
niice gas resulting from it will he as follows: — 



I 
I 



Fuel, 


«1? 


AliSnpply. 


G^«^ut 


r^ 


Carbon, . 
HydrogEu, 


lb. 
I . 
1 


Ih. 
23-22 

69 '56 


H™t unitH. 
H-BOO 
e2-032 


lb. 
24 22 

70 'se 



The heat generated iu either caae is, at the moment of eom" 
bustion, transferred to the gaseous combustion product, and n 
its tempei'atQre. In the combustion uf carbon, the whole of tiia 
heat is effective in this way ; but in the combustion of hydro 
a portion of the heat generated ia cousumed in determining 
the vaporous condition of the water produced, in the proportioi 
of 9 lb. for each pound of hydrogen burnt As 1 lb. of watel 
at 212° Fahr. requires 966'1 heat units to convert it into bI 
of the same temperature, the quantity of heat which becomes li 
tent in this way amounts to 8694-9 heat units (9 X 966'1) p« 
pound of hydrogen burnt, or 14 per (^eut. of the total heat ol 
combustion. That portion of the heat is ineffective, either & 
increasing the temperature of the combustion pro<luct, or fa 
producing steam in the boiler, and it must therefore be deduoto 
from the total heat generated, in order to ascertain the amooa 
of heat available, which is as follows, compared with that gen 
eratcd by the combustion of carbnu : — 



%:^l!^ 
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or Water 
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aia-Pwir. 




Carbon, . 
Hjdrogeu. . 


lb. 


hent uqjt, 
U,500 
62.033 = 


heat noit. 
= 8,ti!(5 = 


heat unit 
l*,5ni) 
53,337 


lb. 

15 
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I the combustion of carbon under the conditiona above men- 
i, the products constituting the furnace gaa amount to nearly 
b. per pound of carbon burnt, a.nd thej require the following, 
ititiea of heat to raise their temperature 1° of Fahrenbeit'e 





Spegipio Heat. 




ni, Hwt Dnita. H«9t nntts. 


CubOQic Kid gas, 
sirluaiur. 


3-87 X -217 = 78(139 

8-B4 X '345 = 3-19030 

. n-61 X -288 = 27S318 
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Tha increase of teraperature resulting from the combustion uf 
iwlwn is therefore found by dividing the number nf heat units, 
" piesenting the total quantity of heat generated, by the number 
■'■ licat units requisite to raise the temperature of these comhua- 
!i"ii products, &c,, 1", and it amounts to 

2522° Fahr. = ^-.^■ 

In the combustion of hydrogen, under tha same conditions, the 
[wdaiits constituting the furnace gas amount to about 70 ib. 
f«f pound of hydrogen burnt, ami they require the following 
'pisntiiiea of heat to raise their temperature 1° of Fahrenheit': 



I 



Water vajioiir, . 9 x -476 = *'27600 

Nitrogen gas, . . 26-78 X -243 = H-5fiII0 

SnrpluBnir, . . 34-78 X -238 = 8-2776* 



Conaequentiy, the increase of temperature resulting from thi 
•^"nibustiou of hydrogen is : 

«,7.rFi,.='l!2=M». 

So far, therefore, as relates to increase of temperature the effect 
produced by the combustion of hydrogen under these conditions 
** not much greater than that produced by the combustion of an 
equiil weiglit c)f carbon, notwithstanding the great difference in the 
^cliwl quantities of heat generated, as shown below -. 
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i^^. 1 


Carbon. . 
Hjdrogon, . . 
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H.EOO 
02,032 


Htalmlt.. 
H.SOO 
52,337 


2.522° Fihr 1 
2,761° F&far ■ 
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We have now to consider what portions of the arailable heat 
are, under ordinary conditions, efi'ective in producing steam, 
heated furnace gas, resulting from the combustion of the carbon 
or the hydrogen of fuel, is the medium by which the heat gene- 
rated is transferred to the water in the boiler ; and if it could ba 
njanaged that between the moment of combustion and the tjma 
when the furnace gas resulting from it is dischaiged into the 
chimney, the whole of the available heat could be commualeated 
to the water in the boiler, the evaporative effect realized migtit 
then he equal, or nearly equal, to the theoretical evaporatiTfl 
power of the fuel burnt. But this is never the case in ordinal^ 
praetice. 

The extent to which the available beat could, in any case, be- 
come efi'tctive in producing steam by direct transmission to the 
boiler, must, of course, be lijuiteil by the temperature correspond- 
ing to the pressure at which steam is to be raised If that y 
50 lb. per square inch, the furnace gas could not be cooled dowit> 
below 360° Fahr. before being discharged from the heating sitt- 
faee of the boiler into the chimney. The quantities of heat which 
would in such a case pass away in the furnace gas without being 
directly effective in producing steam in the boiler would amount 
to 12 per cent, in the combustion of carbon, and to 15 percent 
in the combustion of hydrogen, as follows ; 





Quan- 

.Si 


Gm° 




Sfef 


Cu-boii, 
Hydrogen. . 


l' 
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25 
70 


300° X 5750=T,725 
300° X ]9-lU = 5,-3i 


lb, 
1-8 
G'9 



These quantities of heat would therefore be wasted as regatdj 
production of steam, except in so far as they might be ajiplied ii 
heating the feed water supplied to the boiler. 
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^LBut when, as in ordinary practice, the supply "f air fur sup- 
^ft^iag coiuboation is maintained bj the draught of a chimney, 
^■t temperature of the furnace gad cannot in auy way be reduced 
^■mr about 660° Fahr, without interfering with the draught o( 
^H chimney, and thus a considerably larger waate of heat ia oo- 
^Bioned. In the case of famacs gas, discharged at 600° Fahr. 
^Bove the temperature of the air supplied to the furnace, tliis 
^■ite amounts to 24 per cent, of the available heat resulting 
^■m the combustion of carbon, and to 22 per cent, of that result- 
^K&om the combustion of bydrt^en, these amoiinta being eqtii- 
^Bent to the evaporation of 3'6 lb. of water at 212° Fahr. per 
^Kindof carbon burnt, and to 11'9 lb. of water at 212° Fahr. per 
^bnd of hydrogen burnt. In many instances the furnace gas ia 
^Khaiged into the chimney very much more than 600° Fahr. above 
^H temperature of the external air, and then the waste of heat is. 
Eh course, still greater in proportion as the temperature is higher. 
r From these considerations it will be evident that in the com- 
I bullion of fuels, under orfinary conditioDB, there is always a great 
f TOte of heat. But though the total waste is considerably greater 
' in the combustion of hydrogen than it is in the combustion of 
tatbon, amounting in the one case to 32'6 per cent., and in the 
other to 24 per cent, of the total heat of combustion, the evapo. 
nUfe efficacy of hydrogen ia nearly four times as great as that 
oturbou. This compaiiHon doea not take into account tliose 
wurees of waste which are due to imperfoct combustion, but ap- 
plies only to snob portions of the carbon and hydrogen of fuel as 
w Bctually burnt in the furnace. In this case the comparative 
«ficiency of these constituents of fuel in producing steam is as 
MWs : 

Combimlion. of Carbon. 
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fa|i]>hU heat, 
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Jj5-w| 


it 214- 


..«-.| 


Latent heat of water Taponr, 

Avulalila heat, 

Wssta heat of fumate gaa. 


62,032 
S,69S 
B8,3S7 
1],520 


61*2 

n"* 
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Effective heat, 


«,817 


(S'3 


"i 


H Thus the maximum evapotative efficacy of carbon and o 

H hydrogen is, for each p<JUDd bm^nt, respeetivdy equal to th. 

B conversion of about eleven and a-half pounds and forty-threa am 

• a-half pounds of water at 213° Fahr. into steam of the sania 

temperature and under the ordinary atmospheric pressure. Thfl 

extent to which this efficacy is realized in the ordinary application 

of fuel for producing steam will depend upon the relative &cili 

ties afforded by the rate of comhustion and by the constructioit 


the combustion products during their passage along the flaes ot 
tubes of the boiler before being discharged into the chimney. 
But whatever may be the influence of these conditions in n^td 

the foregoing considerations as to the maximum evaporative 

the manner stated, with a supply of air just twice as great as the 
quantity requisite for their conversion into carbonic acid gas and 
water vapour. 
^L In the combustion of hyilrocarbons under these conditions, 
^K whether they be solid, liquid, or gaseous, the total amount of 
^K heat generated will be determined by the relative proportions of 
^K the carbon and hydrogen they coiitaia The amount of hydro- 
^K gen in such snbatancea generally ranges from one-seventh to nne- 
^^K iborth by weight, and for such limits the corresponding amount 
^^B-o£ heat generated by their combiii^tion and their theoretical eva- 
^H^pontive power would be as follows : 
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Bolt unilH. 
xl*,BOO = 12,470 
X 62,032= 8.684 

21.151 

X l«,50n = 10.7rB 
X 82.032 = 15,508 

28,283 


IL. 

21 'B 
27'1 



difference between the theoretical evaporative power of 
I'lfdrocarbotis comprised within these limits of composition and 
Aeir evaporative efficacy, will alao he determined by the ro- 
Mtb proportions of carbon and hydrogen they contain, just in 
the same manner as shown already, ho far aa relataa merely to the 
tude in which the heat generated is disposed of nmoiigst the 
nmhasHon products constitnting the furnace gas resulting from 
tliBir corabuation. And it is here neceflsary to notice anotlipr 
ORDinstance of considerable importance as regards the odvanta- 
gKos application of hydrocarbon fueL 

tbe followiug tabular statement will show the manner in which 
tbe beat that is consumed iii producing a chimney draught is dis- 
'nimted among the combustion products constituting the furnace 



Combitstim of Carbon. 
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UsrbDD. 


tjuantitlea of Heat In 


Eqiii.alf nt En- 


(.arlxHuc acid zas, 
NitrogHQ gas, 
i-UrploH air, . 


3-67 
8'9t 
11-81 


600" X -8= 430 
600'xB-2= 1,320 
600-x2-8= 1.880 

3.480 


•5 
1-4 

3-6 


2422 



It will be seen from this Table that while the total waste of 
lieat in the furnace gas from the combustion of 1 lb. of carbon 
U equivalent to 36 lb. of flteani, more than one-Ualf of thaS U-ual 
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ol tfae waste heat ta the estenb 



4^ dte beat generated I 
to Mil) 12 per cent Hurem e 
tWm aAHMgi PBB' ^ Anting Uie air into a fumae^ 
itt^mm^Am bj^MBMBof adiiiiuwf j for in tliat e 
i^fh if V wmn I* vaiand to jait mongh to support k 
it «l da WHc tcHs tb« tenpentnre of the furnace j 
tm teimaeS, atbec «ilkn tbe flues or tabes of t 
■ Id TQider the gieater part 
n it rfrrtiw &r productioa of steam, 
at awn ■wring is tiiu tnjr the heat genera 
is bgr tM Bewia unimportant ; bnt it 
^hAbt My«taHec as it^rda the hc*t generated t^ a 
the total waste of h 
of tU fotMce gaa at 600° Pahr. alx 



potH« of the air aopplj b equivalent to aboat 13 
k per pamd vt kjdngak bomt, and nearly une-half 
MMHaed a Iw ilimi, the iBiplns air sapplj. 




jSimga^ 



= 3,S80 
= 3,»60 
= 4,980 



Latent faaU) 



Therefore bv dispensing with this surplus air, and coot 
Ihe furn«« gw in a feed-water heater, a ming of someth 
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le-fourth of the total available heat might be effected. A 
ftdvantage would also result from the increased tempeni- 
combuBtion, viz., 4693° Fabr. for carbon, and 4922° Pahr. 
'drogen, and the consequent more ready traDSmission of 
the combustion product to the water iu the boiler. 
corabuBtion uf the carbon and hydrogeu of foel preaeuts 
point of difference, which is important aa regard" the 
to which the available heat is, under ordinary conditions, 
le of being rendered efre4:tive in producing steam. Xl.is 
mce is due to the presence of watiir vapour in the furnace 
iolting from the eombuation of hydrogen. Aa a coiise- 
of this circumstance a large amount of heat ia absorbed 
idered ineffective for producing steam. Prom the fore- 
Table, representing the disposition of heat amongst the 
it will be Been that every pound of water vapour in 
gas corresponds to a waste of heat sufficient to pro- 
I rather more than IJlb. of st«am ; and hence it will be 
pt how great is the disadvantage resulting from the pre- 
water in the furnace ^, whether ori^natiiig from 
gen burnt or from damp fuel or otherwise, 
volumes of the air supply and combustion products for 
cases of hydrogen and carbon are as follows : 



AirSnpplrMOO-F. 
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i the combustion of carbon there ia no expansion of volume 
in the combustion product, except that due to the heat gene- 
fated, which would render the volume at the temperature of 
combustion (2532° Fabr.) rather more than six times that of 
the air supplied. By the transfer of heat to the boiler, to such 

sn extent as to reduce the temperature to 660° Fabr., the 

volume would be reduced again to about fJ30 cubic feet per 

pound of carbon burnt. 
In the combustion of hydrogen tbe supply of air required is 

ibout three times as hrga as that required in the combustion of 
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I equal weight of carljoii. There is also au expansion of the 
bustion products, milepenilent of the heat generaled, and amount- 
ing to one-half the normal volume of tlie hj-drogeii burnt 
expansion due to heat is also greater tlion in the cotnbuEtiuu 
■if uarhon, on account of the greater amount of heat generated, M 
that the Tolnme of the furnace gas al the temperature of com- 
buation (3791" Fahr.) would be about six and a half times that 
of the air aupphed, and the volume of gas discharged inta 
the chimney would be about three and a-half times as great aa 
iu (he combustion of au equal weight of carboa Ihie iorgm 
quantity of gas will, however, contain nearly four tiuios as much 
effective heat as that resulting from the combustion of an equal 
weight of carbon, and its temperature will be about 270° higher, 
so that in this respect the use of fuel containing a la^e 
of hydrogen, provided it can be perfectly and readily burnt, pafr 
sents an advantage as compared with fuel consisting 
entirely of carbon. Eather wore than one-fourth of t 
of hydrogen would give aa much effective heat as 1 lb. of carbon 
with a somewhat smaller volume of combustion products. T. 
extent to which this advantage affects the value or ef&ciency 
fuel will, of courae, depend on the amount of hydrogen it co 
tains. Since no hydrocarbon available as fuel contains mo 
thau 15 per cent, of hydrogen, the autual evaporative efficacj 
of such a matenal, when used under the ordinary conditions, can' 
not, at the utmost, be more than about 40 per cent, 
than that of an equal weight of carbon. This, assuming it 
be perfectly burnt, and the arrangement of boiler Sues or tube^ 
&c, to be favourable for the transfer of heat, is the n.asimuai 
effect to be looked for according to the data already given. 

The amount of hydrogen in i)ctroleum is probably larger than 

in any of the other hydrocarbons proposed to be used as fuel, and 

that contains, on the average, about 13 per cent. Iu coal tad 

shale oil the amount of hydrogen is less. Consequently thi 

evaporative efBcacy of these materials, as compared with carbon, 

wmild not reach tiie above limit of 40 per cent, in excess. 

V satio between these materials and ordinarily good coal is 

ubout tlie same in regard to evaporative efficacy, since the hydro 

H i oofittuned iii onal compensates fur the oxygen and ash it con 

I a, ttnleBB the amouut of these is very considerable. 
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The ibllowing Tables sLow the relation between the total beat 

fespectively 14 anil 25 per cent, of hydrogen, as tlit umouiita ol' 

disposed of: — 1 

I lb. of hydrocarbon, containing H per cent, of hy<lroge|^^^H 
(ields about 31 lb. of famftoe gas, consisting of— ^^H 
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I 3111 not aware of any liquid hydrocarbon applicable as fl 
which contains so oiuch as 25 per cent, of hydrogen, so that 
evaporative effect of about 16 lb, of steam per pound of hydro- 
carbon burnt must be regarded as the maximum result to be 
attained with sucli material used aa fuel. Ey burning these 
hydrocarbons with only just enough air for combustion, or half 
the quantities assamed to be supplied in these estimations, the 
effect capable of being realised would be from 13 to 14 per c«nt 
greater than in the case stated above, or about 18 lb. of steam 
per pound of hydrocarbon containing 14 to 15 per cent, of 
hydrogen. 

The plan, of using liquid fuel, which, so &r aa I am aware, has 
proved the most advantageous, ia one which does, to some extent, 
at any rate, secure the advantage to be gained by forcing 
into the furnace. According to this plan, the oil is supplied to 
the furnace through a small pipe, together with a jet of high- 
pressure steam, by which it is converted into spray, much in thi 
same manner aa in the toy known as the perAime vaporiser a 



liquiil IB blown out of a battle by a current of air. The ateaiu 
jet li the same time iuduceo a uutreut of ait which mises with 
the oil spraj and HUpporta its combiiHtiou, Thia is the arrange- 
ttent used by Messra. Field and Aydnn, and it appears to work 
esceodiDgly well, and tu effect a perfect coiabustion of the oil. 
The oil I have seen u^ed in th is way was the dead oil, or creosote 
oil, which is a refuse product in the refining of gas tar. It pos- 
iMiira characters which render it much preferable to pretroleuni 
01 the oil obtained by distilhng coal at a low heat for use as 
li'iuiil fueL In the first place, its density being greater than that 
lit uater— the gaUon weighing about 12 lb. — it takes less space 
for stowage than petroleum or coal oil, the gallon of which 
wei^'hs only from 8 to 8i lb. For the same reason it would not 
h so dangerous as the lighter oils in case of accident ; for instead 
"i floating on the surface of water and burning it would sink 
hirmlessly. Again, ita very high boiling point, approaching to 
« red heat, and the great density of its vapour as compared with 
lliat of petroleum or coal oil, are great advantages aa regards risk 
"f explosion, in consequence of the oil vapour Incoming mixed 
"b air and then catching fire. This could hardly take place 
:j the dead oil, except at a very high temperature, whDe pe- 
i' uiQ readily givea off vapour to the air at a moderate degree 
■ ■" hi^at. 

Unfortunately, the quantity of this oil which is available is 
'fry small as compared with the requirements of steam naviga- 
'Jin, probably not amounting to 100,000 tons a year in tlie 
■hole country, and therefore its application must bo very 
liiDited, 

III order now to arrive at aotne estimate of the advantage to 
ot gained in a steam vessel, either in point of weight to bo carried, 
w space occupied by liquid fuel as compared with coal, it is 
svident that 100 tons of petroleum, or coal oil, would do the 
"ork of about HO tons of good coal. But as coal is rarely 
burnt in euuli a way as to be rendered useful to its full capability, 
BQi as there ia always a considerable waste in the shape of dust 
and cinders, which would not be tlie ease with liquid fuel, a 
further allowanca must be made for this. Assuming that one- 
)Ah of the coal is wasted in thia way, then the equivalent of 
00 tons of oil would be 175 tons of coal, for taking tke detvait^ 
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of the oil as "850, it woulJ occupy about the same apace as 
equal weight of coals, or at the rate of about 53 lb. per cq] 
foot Thia difTerence would enable a yeanel capable of canyi 
cohIb f»r 13 days' eteaming to carry oil for SI days. Id bin 
iug this oil there would be a saving of labour in aloking, and 
it would not give aiiy asbea, a great deal of trouble would 
Maveil in that way. 

These results differ widely from the statements which bt 
been luade in reference to t^lie relative efGciency of oil ajid C( 
according to which it has been represented that one ton of 
was equal io from, four to live tons of coal, and that in r^ard 
stowage room the saving was ' more than fivo-tentlia in bull 
It is true that those who have propounded theso views have 
arrived at them by a con^deration of the data I have ab 
referred to; and, if I may judge from remarks lately made at 
meeting of the Institution of S'aval Architects, they would 
pear to deny the applicability of those data for determining 
question between coal and oil as fuel Such a denial, howei 
would be of little account if it were not supported by adeqi 
evidence of results, such as those which have been so much di 
upon being really obtainable : and although thia subject has i 
been aome yeara before the public, I am not aware of any s 
evidence having been brought forward as would call for or jua 
the abandonment of those well-established principles by wh 
the heating power and efficacy of fuel is determined. 

The results of the experiments made at Woolwich, under 
superintendence of Mr. Triukett, the Engineer-inChief of 
Dockyard, gives, as the highest evaporative effect obtained i 
jtetriJleum, 11*63 IK of water converted into steam per pound 
nil burnt. In this case, however, the combustion was imperii 
But in the most succedsfiil trials with coal oil and shale 
when very little smoke was given off, the evaporative effect 
about 18 IK of steam produced per pound of oil burnt. In 
case some deduction required to be made for the ateam app^ 
as a blast to tbe fire, but the amount was not ascertained T 
result was also obtained under peculiarly favourable ci 
stancee as regards the propurtion of heating surface of the 
to the rate of evaporation. 

In n-gard to the supply of material capable of being need 



liqaid tutil, it ia necessar; to make a fen remarks. First, ae 
Kgaxda petroleniB, I imagino it is now gsnerally acknnwledged 
that this material in its natural state is not well adapted for the 
purpose. In that state it contains a large amount of very vola- 
tile hydrocarbon, which, even at the ordinary temperature, vapor- 
ises by contaut with air, and the misture of this vapour with air 
(plosive. At the teniperatura of a steara vesBel's stoke-hole 
this vaporisation would take place more readily, and if there were 
uiy leakage in the supply pipes or tanks, disastrous consequences 
might ensue. In onler lo remove this objection to the use of 
pelroleam ae liquid fuel, the more volatile portion of it must be 
sopsrated from it by distillation, and that operation, when carried 
tr enough to render the oil fit for use with safety, would reduce 
tbe quantity to about one-third. 

Another objection to petroleum in its natural state is its bulk- 
ioBES, the gallon weighing only about 8 lb. This is to some 
eiteat removed by the distillation, and by the reduction of the 
^Mntity to one-third an oil is obtained which weighs about 8J 
ft, per gallon, 

AcoordiDg to the kteat returna, the total production of petro- 
I'um in America — which is out ot all proportion the moat abun- 
liut source of this material — amounts to about 360,000 tons a- 
Jtu. It would be mere speculation to offer any opiniou as to 
■heUier this rate of production is the Tnaximura which is attain- 
>ble, or as to the time it may continue; but the prevailing ini- 
pmsaion is that the sources &om which this supply originates 
ne subterranean accumulations, and, therefore, not to he de- 
iwnded on beyond a certain limit The experience of oil winniug 
in America has confirmed this view, for it has been found that 
Die wells which were at first what are termed ' flowing wells,' 
' s,, yielding their oil spontaneously, have gradually ceased to 
fi'w; and that, after pumping has been resorted to for bringing 
'■'I'l oil to the surface, even that meana gradually declined iu its 
' Ifcct. It would, therefore, be unwise to rely upon the supply of 
jjftrolenra as affording material for fuel. And then, if we con- 
sider the vast consumption of coal for the purpose of steam navi- 
gation — amounting, I believe, to not less than 10,000,000 tons 
.n-year in steam vessels belonging to this country alone — it will 
liL- seen that the produftion o£ petroleum — giganlit aavt \a\-o. 
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relatiou to the use to which, it has been applied — i^ insignificant 
when compared with the requireraents of steaia navigation for 
faelj that, in fact, the total production does not amount to 1 per 
cent, of the fuel conaumed in t))e steam vessels of this country. 

Tlie possihility of obtaining an oil analogous to petroleuni b; 
distilling uertain kinds of coal and aome Tarietiea of bituminous 
shale, constitutes another source of liquid fuel, and one which 1 
consider to be far more important, for this country at any rut«, 
than petroleum is. The material obtained from this source 
commonly known as cnide paraffin oil, requires to be submitted 
to the aatue operation as petroleum, in order to remove the 
volatile portion, and obtain an oil suitable for use as liqnid fuel, 
but it would have the advantage of yielding rather a larger 
amount of such oil than petroleum does. To what extent thB 
production of this oil might be developed as a source of supply 
for steam navigation it would be almost impossible to form anj 
approximative idea at presents Siit I may state in regard 1 
this point that, owing to the low price at which petroleum is now 
imported from America, the coal and shale oil works of thii 
country have mostly been stopped because of their inability b 
manufacture oil for burning at such a price as to compete with 
the American product, CircumBtancea which it would be out o 
place to enter into here induce me to believe that if the u 
liquid fuel were introduced to any extent into practice, that it 
would be a very great advantage to the oil manufacturers of thi 
country, and that it would be a means of enabling thera to tnee 
Bucoeasfuily the competition of the American oil used for bumis] 
in lamps. I have already spoken of the supply of ' dead oil 
furnished by the rectitication of coal tar, and need here onl, 
remark again that the quantity is very small This is certoini; 
the most suitable material for use as liquid fuel which I an 
acquainted witli, and its excellence in this respect induces n 
mention another possible source of a similar material, vi£. 
distillation of ' slack,' or the waste coal dust, which accumulate 
at the mouth of a coal pit. It is quite possible that by sud 
means a quantity of oil, similar to that resulting from the reeti 
fication of gas tar, might be obtained, and at the same time tl 
slack itself oouTcrted into a useful fuel 

There ie also in the Island of Trinidad a vast deposit of bits 
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men, which has repeatedly beeu an object of passing interest ou 
account of attempts tu render it in some way nsefuL TlDfur- 
tnnat«l;, moat of tliose attempts have hitherto faileil ; but if 
Ikjuiii fuel should become an article in demand, I think there 
nmy be good days still in the future for Trinidad bitumen, for it 
baa the peculiarity of yielding by distillation about 30 per cent. 
of a thick, heavy oil, approidmatiiig very closely to the 'dead 
nil ' nf the gas tar retiner. This circumstance, which has hitherto 
been tlie disodvantt^e of the Trinidad bitumen, might then 
become its chief recommendation, aad, according to all accounts, 
there is abundance of it, and the getting of it is not attended 
with difficulty. 

The relative cost of coal and oil is to soue extent still an o|)cn 
'iii<i>itioii. If it should be found advantageous to use oil as fuel 
t'l' steam vessels it is probable that neither crude petroleum nor 
{mraffin oil as obtained by distilling coal or shale would be the 
tnust suitable for the purpose, and that it would be advisable to 
•epatate fiom either of those materials the more volatile portions, 
■hich are applicable for burning in lamps, The leas volatile 
IHirlion, both of petroleum and shal-e oil, amounting in the former 
to ibout 30 per cent., and in the latter to about 40 per cent., 
"onld be for several reasons best adapted for use as fuel. It is 
U so much in demand as the oil used fur lamps, and being less 
roktile could be stowed with greater safety. But I doubt much 
"hether this oil could be shippd for less than £5 per ton. If 
•bl opinion is correct, and acoonling to the comparative esliraato 
•litady made between coa! and oi], the cost of the latter would 
l>e about three times as much as that of coal. Tliere may be 
circamstances uuder which the advanti^es to he gained by the 
"H of oil as fuel would altogether outweigh any considerations 
« lo this, or even a greater rate of cost, it does not require any 
grest penetration to perceive; hut it appears to me equally 
evident that if those advantages ore to he attained only at such 
" <^ost, the use of oil as fuel for steam vessels must in any case 
^^ restricted to exceptional coses, in which cost is comparatively 
• iDotter of secondary importance, and that it cannot be regarded 
^ likely either to revolutionise etf am navigation in general or to 
''■"■li (or a total recoustruction of our navy. 
At this point, however, the consideration ot the BiiViiiiiA teasia* 
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a Bt^ where it la more the ptovinoo of the merchant an 
naval engineer to deal with it, anil to detenaine the 
between the greater uffiuacj of this material aa fuel, 
greater coat which its applioatiou would involve. I ti 
leave it here for thnae more competent than myself to 
tbeae points, with the hope that the attempt I have made 
ciilate the subject, ao far aa I am able, may be found 
utility in its further development 

I cannot, however, conclude this paper without tak 
opportunity of espressing my opinion that the mode i 
thia subject has hitheito been dt^alt with, illastrates ii 
striking manner the want which is now somewhat vag 
of what is termed ' technical education," by which I nm 
a means not merely of making those whose business 
practical character better acquainted with the piiaciples o{ 
and the laws of nature than is generally the 
but also of educating the cuJtivators of science in a know 
the requirements of art, and of the conditions under whicli 
can he made serviceable to practice. If such a closer 
between science and practice were achieved, I beiiev 
be found of mutual advantage, and then I apprehend 
soon cease to heai' anything more of that fancied £ 
between the two which is the most effectual barrier t 
and deserves only to be regarded as an indication of ig 
or bigotry." 

33. On the same subject, the ' Mechaaics' Magadns 
date September 25th, 1868, has the following suggei 
marks; — "Notwithstanding the careful attention which I 
given to the question of liquid fuel, with the view of ■ 
it aa a steam producer in our navy, it does not appear t 
advance has been made towards its practical eolutton a 
were obliged, some twelve months ago, to pronounce M 
ardson's petroleum furnace, as then arranged, not a t 
success — the tlaraea being too powerful, and the mecbi 
one of the fireplaces failing. As we have watched the i 
ment of thia question with considerable interest, as be 
likely to greatly benefit our navy, we have recorded fronr 
time the results of trials and experiments as they " 
place. Following out our plan, wn purpose now to : 
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p]Aiu as have receutly come under our obaervatitJii, togetLcr with 

* Ihe ceaults of Iriala and esperimenta made witli them. The in- 

ilnced current system of Messrs. Wise, Field, & AyiJon, is, 

doubtless, well known to our renders. Some highly eatis- 

I futory results were obtained from tbia system as applied to a 

I Cotniah boili-r, fitted with field tubes, st some laige works in 

I Lambeth, the working of which we witnessed. This system has 

I notF been applied to a marine builer by permission of Govpniment, 

ilete &ni! fuU trial has lately been mads in 

'A'.mlwich Dockyard. The system was introduced to the iio- 

iM- of the Admiralty by Captuin Selwyn, E.N,, after giving l>^c- 

'^rfte upon the subject at the United Service Institution, and 

:lie Institute of^aval Architects The gallant officer stated in 

li[s lecture that a 35-horae power boiler of the ordinary Cornish 

lirm, with Galloway tubes at the buck, had been at work niglit 

.uid day without intermission, at Uaekney Wick, since (.'liri<jt- 

I mas la^t, doing considerable more duty with 230 gallons of 

liquid fuel per ilay than it had previously done with 3 tons of 

cimL The cost for working this boiler was reduced from 72a. to 

.'i3^ per day, and the water evaporated was 23 lb. to every 

lb. of fuel. The fire-bar^ he said, were covered with a tliik 

i of glowing ashes, which required renewing every twenty-four 

i urs. In another factory, 16 lb. of wate.r were evaporated by 

I 111. of creosote. 

With regard to the recent trial at Woolwich, we may first 
uite that through the kindaeBs of the Controller, and witli- 
iiit any expense to the patentees, a small boiler was constnictod 
lij- Mr. l^ewis Olrick, at a fair contract price, on board a steel 
jscbt, which had been originally built for Lord Alfred Paget, 
had been purchased by the Admiralty. In this 
boiler, a trial, prolonged from Macch IT to July — twenty-five 
'lays in all — has just been concluded, the consumption of oil 
I and the ovajioration of the water being carefully observed and 
Messrs. Wise, in a eontemporarj-, describe the boiler 
B being capable of lighting with either wood or coal as 
; both had been tried, and one raised steam as well 
In the present trial the evaporation with coal 
i. of water to 1 lb. of coal; that with oil 10 lb. only, 
vever, had to bo reduced by a pettent&^ft of 
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steam taken from the boiler; it is not known what, and 
thuA not being the uverage, it was considered that tbe & 
of evaporation obtained from the oil was about the same I 
given by the coal — perhaps a little more. The flame act* 
ft blow -pipa flame; it melted lead in the chimney, and' 
Wise state that it melted pumice etone like so much gl 
that the fire-brick grate in the furnace was constant!] 
white heat, and sonietinLes melting at the edges. Notwitt 
ing all this it did not give sufficient heat to the boiler, tj 
was sent away in fine dtiHt, and thin wrought-iron platet 
as balSea in the furnace, remained undeetroyed by tha 
A similar plan — that of Mr. S. E. Crow — has been, tried 1 
Admiralty at ISheerness; but all known about it is, that i 
soon made the chimney funnel red hot The cooclnaion, 
fore, is, that a blow-pipe flame, formed with superheated et< 
high pressure, must taks away the heat too readily, or ftp 
at a wrong place. 

Captain Selwyn stated in his lecture thaji if the ii 
used by Mesara Wise t(D supply oil to the furnace was n 
pable of supplying snf&cient, two or more could be used to 
fireplace. This arrangement, we uudertitand, will be tried 
other boiler of 130 horse power, which is now being fitb 
for a further trial ; but in the hoiler supplied by Mt Oil 
waa found that on a fiill supply of oil being sent In t 
injector, smoke was formed, and the rate of evaporatioi 
lowered. The hoiler had Field's circulating tubes, and tl 
mngement of the baffltB was made by Captain Selwyn bi 
so that perfection ought to have been insured. The grei 
vantages of the system certainly render it speciaUy attntct 
the Admiralty ; it can be fitted to the present common t 
boilers at small expense, and either cfial or oil can always Ix 
in the same boiler, but the amount of evaporation must b 
sidered. Good shale oil cannot be obtained in England Ii 
than from £i to £5 per ton. Creosote ia obtainable a 
such limited nuantities as not to be available for genera 
With such a price for oil an evaporation twice or twice 
half that of coal must bs obtained to successfully compete 
coaL It is only veiy sanguine inventors, or men of n 
experience, who stats eadi ]ax^ results as 30 lbs. can be obi 
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km any fuel we at present Iiave. It is not possible for any 
fktd of fuel to effect a larger amount of evapomtion than from 
^Blb. to 21 lb. of water per 1 lb. of fuel; tbia might be got 
^■to oiL Coal should give from 13 lb. to 14 lb,, but tbia in 
^Bce done in practice. Thu highest amoant e7er obtained from 
^B has been 10^ lb., lately at Wigau, aud that only by careful 
^Kerimenting i the usual quantity in pnictice is 8 lb., and thi« 
^VVery careful firing; it is commonly only 6 lb., and with any 
^ker coal than steam coal only 4 lb. 

^Bb. Olrick has very properly stated that with oil boilers it is 
^H possible in many cases tu get such information from the pro- 
^fttoi3 OS would be useful, partly becanee they do not take euffi- 
^Bt interest, in the matter themselves to allow tbeii men to 
^Ke careful measuiemeiits of the fuel consumed and the water 
^B|>Orated, and partly because they object to have strangers 
^■at theU' place interfering with the daily routine of the work, 
^Bing out entirely the question of expense in adapting the ex- 
^B^ fittings to the necessary meters and measuring tanks. 
^Ben inventors are infurmed by the stokers atteniiing oil hoilent 
^B large evaporations are taking place, the stokers' information 
^Beliminated oat of their own consciousness,' and it is astoiiisli- 
^H how much this ia brought well out in the presence of tip, 
^B largest evaporation obtained from shale oil was that of which 
^Btccount was given in the 'Mechanics' Magazine' of July 13, 
^Bfl, with Kichardson'a boiler at Woolwich, during five days' 
^^iing at the rate of about ten hours a-day. It was each day 
fcectively 14'70, 14 80, 17-86, 17-40, and 1803, with mn- 
^Bte smoke, very light, more like vapour; and on February 
^■1867, the same boiler gave 1S'91 with — according to the 
^Bremment engineei's report — ' smoke moderate, but very thick 
^B black when the oil was run in too quickly; the tubes 
^Bentely foul at end of trial, duration of trial six hours only.' 
^■believe that had the trial been continued longer, even mote 
^^H 18'91 could have been obtained, as the furnace would have 
^H in bettw working oider. But Mr. Richardson had to sup- 
^BBw oil at hia own expense, and be had no more than was 
ifflkJent for a sis hours' trial — hia boiler, together with that of 
'Ir. Bridges Adams, are now idla 

New processes continue to be brought foiwa-ti ■«-!.& ■qb- "^i- 
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James Donald of Olaagow has an snungement which compii 
the constnictton of a furuace sptce or cambiistion chainbet 
which had its hotlom and sides liued with firebrick; the funui 
is arched or roofed over with flrehrick. In tha midst of th: 
combustion chamber there is a firelmdge contrivance, which n 
be termed an ignition block or pier. The oil to be burned 
admitted by & pipe nozzle, "which is placed in snch a n; 
SB to direct a jet of the oil towards or against the ignition blocl 
Apertures are provided for the admiasioa of air; the patent 
prefers, where a more intense heat is required, a jet of steam t 
project the oil with tonsiderable force. This appears to as to l 
a copy of Messrs. Wise, Field, & Aydon'splaa Mr. H. Finka 
C.E., introduces a new method, first stating that he used hydn 
carbons m conjunction witli streams of water and vapouis i 
far back as 1830 in large public works in England, and that h 
holds the first reconled patents in Great Sritain and countni 
abroad dtierefur. He states that hydrocarbon, when consuoiei 
with superheated steam and leated air by his method, is con 
petent to evaporate more than 30 lb. of water per 1 lb, of hydro 
carbon, and that, consequently, it is capable of effecting from fit 
to six times the steam power to be obtained from coal ; but w 
require his proof before we can accept his assertion. 

The French are paying considerable attention to the aubjec 
M. Verstraet, a chemist, has a. plan by which the gases of t) 
oil are conducted to the fireplace by a current of air. This 
simUar to the plan of Mr, Bridges Adams, which has been trie 
at Woolwich Dockyard. Or the Emperor's Inte departui 
Chalons, the chief featnrn of the journey was an expcrimei 
tried in the lt>coraotive drawing the train from the town I 
the camp, a distance of twenty-eight kilometres. The Emperi 
mounted on the engine, and followed with deep interest all t~ 
details of the trial, which ia the firet of the kind, though th 
question has been under study and consideration for the la 
eighteen months. Lust June, his Majesty had already tried tl 
first steamboat, the 'Puebla,' in which mineral oil was employe 
as a motive power. In the above locomotive trip, M. Ssuvag 
manager of the Eastern Company; M, Dieudonue, an enginM 
who has devoted himself of late to these experiments; and 1 
Sainte-Claire-Deville, an emitient SQientific man, were on the « 
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gine with tbe Emperor, to whom tliey gave all necessary dutuils 
nnil infonnatiua. The arrangementii are as folliwa ; — On a brick 
alab, behind a vertical grating, is burnt a stream of oil flowing 
from a tap, by raeanB of which it is perfectly easy to regulate the 
production of steam and tlie development of the power. An 
evaporation of fmm 1 2 IK to 14 1b. might have been obtained ; full 
particulars, however, are not supplied, but the experiment is re- 
ported to have been succesafuL The first plan, tried in Paris, 
under the auspices of the Government, was iu 1854 — that of 
Meaats. Sliaw and Linton, of Philadelphia ; the boiler evaporated 
1 2 lb., but made the chimney red hot, and the pinn was given up. 

From the foregoing facts, whicb we have brought down to thii 
present time, we gather the preaetit position of the liquid fuel 
question, which ia by no means ho satisfactory as we could wish 
to see it. There is no denying that we Lave not yet practically 
utilized petroleum fur steam purposes afloat, however we may have 
aueeeeded ia ao doing asliore. We have, however, yet to await 
the results of the 1 SO-horse power boUer as fitted with Messrs. 
Wife's system on a larger Bcale. Wu have also to boar iu mind 
that Mr. Ulchardson has not been idle. Having obtained thc^ 
liigheat rate of evajwrution — according to Government report — 
and having still found his furnace defective in some respects, hu 
has set to work to remedy these defects. That he has succeeded 
in producing a very perfect furnace we have every reason to be- 
lieve, although no triaU have as yet been made to test his im- 
proved arrangement. They are, however, well calculated to give 
better results in working than be formerly obtained, and we shall 
look forward to the time when he will have another trial. We 
are informed that Mr. liichardson is anxious to compete, at his 
own expense, with Captain Selwyn, but this is not permitted. 
He should take his process to France, where civilians appear to 
be treated with more liberality than in some departments of the 
British Administration.' 

34. The Utilimtion of Waete Fuel. — From 'Engineering,' of 
date March 6lh, 1868, we take the following highly suggestive 
article . — " With the progress of civiiizaticm and the development 
of industry in any country or part of the world, the tendency for 
a rise in the value of fuel is inseparably associated, no matter 
how fiivourably that locality may be situated for a natural en^'jl'j 
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of combUBtiblea. Economy of fuel, therefore, makes itaelf felt 
one of the principal ainia of moJiirn engineering all over thi 
world. There are two diiferent directions in wliich economy 
tlie utilization of the natural supply of fuel may be eifeoted, n 
1, by making a. certain quantity of fuel produce the highest e& 
tive duty attainable ; and, 2, by making the natural atores 
(;ombustibleB yield tlie greatest quantity of raluable fuel Th 
first road of economy ia the wellkuown and beaten track in whic 
science Bud practic* have now been moving ou for a long IJi 
past, with more or less satisfactory result^s yet without creatb 
auy striking iunnvationa in our general practice. The saoon 
line of progress is one of comparatively recent developTOent, iin 
it eeeniK to oiFer a far more promising field fur improvements ( 
great originality. This mode of eeonoraiaing fuel is best distil 
gniahed as the utilization of wa-?ta fuel. It commences at til 
colliery, or in the forest, or the jieat bog, and it follows ■ 
branches of modem industry everywhere, looking out sod gleu 
iug the different fallings from fuel now recklessly wasted, an 
with the application of science and skill it opens up a field fi 
economy of fuel incomparably wider and richer than that we! 
known Held of economy of fuel in the narrow sense in which i 
have defined it above. The contents of the British coal measui 
crmtain vast stores of fuel different from the coal now drawn fra 
them and utilized. The beds of bituminous shale in Scotlai 
are probably much lai^er, and will, perhaps, at some time, 
more valuable stores of niintiral fuel than the coal seams n 
worked in this country. Fnel of such a kind is contained e' 
in some of the ironstone bands of Scotland and Wales, and 
been used for calcining such ironstones as, for instance, the Scot 
blackbands, and even for calcining other ores, by the addition 
bitaminons blackbands instead of other fuel At a recent di 
it has been proposed to calcine such blackbands in coking ovei 
and to regulate the aiimisi^icin of air so as to form a coke from 
part of the bitumen, and utilize the carbon so maintained witb 
the ore for smelting, Ex^icrimenta are being made with this ] 
cess in an ironworks in tliu vicinity of Glasgow, and a patent 
been taken out for this mode of coking. We have been infon 
that a very bituminous blackhand, after being coked in thia n 
ner, contains a euilicieD'^v nf carbon for being smelted in the b 
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^Vnnuoce almoat witliout any furtljer addition of fuel This of 
^ '■mirse reffive to blackhanda which, hitherto would h«Te been coii- 
iilered aa very poor ores on account of their high jmrceiitsge of 
'■itiimen and sraaU percentage of iron, snd in some localities this 
'HIV process may bu naeful, not only us a means for saving fuel. 
■ til: also as a metltnd for utihzing iron ores which otherwi^B would 
t'.f scarcely fit for economical blaat-fumaoe practice. At the Fai- 
;>iik Ironworks, near Glasgow, a blackband ironstone has been 
viirlted for some time, which contained a sufficiency of raiiK'ral 
ij to make it worth distilling in retorts like shale, and to ma^e 
;i:irailiii oil from it. This distilling process served the purpose of 
'dcinatinn at the same time, and the ore was smelted after hav- 

Iiiift been used in this manner for the extraction of the lijdro- 
csrhons contained in it. Some iron pyrites, which are used for 
llie manufacture of sulphuric acid, contain a auff cient percentage 
uf BUli>hur to serve as a substitute for other fuel. Mr. W. 
Henderson has succeeded in utilizing such pyrites as the fuel, by 
meins of which he calcines hia copper ores in the manufacture of 
copper Ijy his patent process. The pyrites, which must he burnt 
fiT the purpose of producing the sulphurous acid for the vitriol 
>'hambers, are in this manner replacing the coal, as other fuel, 
upon the grates under the closed calcining kilns used by Mr. 
Uendei'son. In coal mining an enormous percentage of dust coal, 
slock, and 'dross' is made; and. according to the nature and 
character of the coal, this disintegrated material is at present util- 
ized in a more or less satisfactory manner in some localities, while. 
biking the average of Biitiah collieries, this utilization must hf. 
considered to be in a most primitive and uo satisfactory state. 
The dust from coliing coal aflbrds a suitable, and, indeed, the only 
material for the manufacturs of coke. It is well known that the 
"hole iron industry of the Cleveland district has been founded 
for the purpose of utilizing the waste from the Durham coal fields ; 
Ibe Lancashire collieries have followed a similar course, and some 
nf the lai^e irtjnworka in that district, as, for instance, the Kirk- 
less Hall Ironworks, belonging to the Wigan Coal and Iron Com- 
pany, have been erected with this same principal point in view, 
vii, utilization of coal dust. In Wales only a portion of the coal 
fields yield a coking coal, and from Scotch coal next to no coke 
i* made. In these localities the coid dust has no proper com- 
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iin.-ii:iiil outlet, and it ia at pn;sunL wasted in the most reoUcM 
manner. The Sienien'a gas fiirnfli;e, which is nitwt eniinentlj 
suited fur vnjrkiLig with coal alack and aimtkr niateriitla, 
OB yet been largely introduced in Scotland. Hnd even for the fev 
fnraaces nf the kind which exist at the Atlss Works, the fiovai 
Ironworks, and in enme other places, it ia acarcely worth th< 
tt'ouble t(i separate coal waste fi'oin the shale and other earth; 
inipurities generally mixed with it, instead of using good eoal a 
tlie very low prices which still exist in the Scotch coal distrie* 
Still it is a mere qnestion of lime at what particular moment i 
will pay to waah the incombustible rainenila out of the Scotch owl 
iluft and moke valuable fuelfr'>m it, and we believe that theroan 
8iifliciBiit indications at present to show that that time cannot ba 
very far distant The most promising mode of utilizing cosl dnat 
ia the manufacture of ' patent fuel,' or agglomerated fuel, a 
more properly called. On the Continent, where the market prion 
of fuel is generally higher than is the case in this counlij, tha 
manufacture of such arliricial fuel has been in practice for a lot 
time past, and we have before this given an accutiut of some of tl 
difTerent processes there in use. InEngland there are prineipallj 
three patents which have been practically introduced. The Itni 
is the employment of coal tar, or a similar mineral hydrocarbon 
as a cement. It has been used in Wales with moderate f 
for a long time past, but the price nf these mineral hydrocarboni 
is rising gradually, and they cau be better employed for c 
purposes than the maiiufRctnre of fuel hricka. There ia, moreavei 
a SprfoTis objection to the use of tar as a cement for coal, via,, Uii 
fact that the cement melts in the furnace, and the coal dost dis 
integrates upon the grate. This causes a great d.;al of incoii 
venience and losa. The next process in chrouo logical order of thi 
respective inventions is Barker's patent. The cement used in thi 
process is starch freed from gluten, an expensive material vhieh 
uic>reover, is mixed with mineral salts for preventing decompc 
tion, thereby introducing incombustible matter, which increases I 
pereentage of ashes. The fuel bricks produced with this cenieii 
undergo a special process of preparing their aurfucu and moi 
ing them waterpniof, precautions which ore obviously t 
against the decomposition of the cement by the influence of til 
' ere. These fael bricks are good, but thetr mode a 
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maimfaclure is too expensive to raalie the process commercially 
sQi:ce3sfu]. Another cement for making fuel bricks ia that 
patented by Messm Bird and Co. This is pure gluten, and the 
percentage of this substaDce required for cementing the coal ia 
«o small as to make the present prices of gluten come aufii- 
' i'^ntly low Gluten, however, is a material wl>ich acts un- 
tvourably upon the combustion of the agglomerated material 
i'he coal Juat ia coiapresBod in the gluten process, and the in- 
■rstioeaare filled with the cement, which is not porous, and 
iliiiJBt impervious to air. The combustion of those bricks, par- 
iiiralarly if made of the qualities of coal for which thia process 
H principally required, is necessarily slow and leas perfeet than 
Ibe application of a porous cement will make it. Such a porous 
wment has also been produced and recently patented in thia 
eouctry, and some very fine fuel bricks have been made by its 
application. The process ia about to be introduced on a largo 
scale at one of the greatest collieries in England, and we b- 
tend to give full details of ita mode of working as soon as the 
opecification haa been published at the Patent Office, We be- 
lieve that thia new cement combines all the advantages of the 
tar, the starch, and the gluten, without having the disadvantages 
of either of the above substances just explained. There is an- 
other very original method of utilizing coal dust, which has 
i.'i-n experimented with at tlie Ironworks, Boulogne le-Haut, in 
1 lance (Haute-Marne). It consists in blowing very fine coa! 
■ iiist into a blast furnace through the tuyeres. The blast ig- 
mtes the coal dust while passing into the hearth, and a fresh 
supply of beat is thereby gained. Altlioug)) this process was 
Ueclared to work successfully iiow more than twenty years ago, 
it has not been contiimed. There is, apparently, a great danger 
in the application of large masses of coal dust in a blast fur- 
I nace, dnce all the dust which escapes immediate combustion at 
L tba mautb of the tuyere is carried into the burthen and deposited 
Ukin in the interspaces of the coke and ironstone, where it 
^Mf eventually effect a choking or ' gabbing ' of the furnace, i. e„ 
^Iprent the penetration of the blast. At a very recent date, 
^HMts. "Wlielpley & Storer of Boston, U.S., have used such fine 
^^■Ipowder for firing boilers, and, as it appears, with very 
^^Hfiwtoiy results. The hue coal dust ia injected in the ca£^ 
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by the action of a forced cunurt of air pasaing ihrcQ|^ 
flues and c&nyitig the pon-dcrud coal aloug with the blast 
combaation takes place tlirougiiout a cousidemble spatx wi 
Ihe flues, and with proper means and care for reguhting 
qnantitiea of air and coal and the epeed of the uurrenl^ 
invention seems to be likely to give good practical results, 
practical question will, of course, turn upon the point of exp 
diture for reducing the coal to a state of fine powder, a 
the question of management of such self feeding furiiaces 
In the process of coking, another opportunity arises fc 
mising waste products. The gases evolved by the coal ; 
bustible mutter, and they, moreover, contain a number of vols 
products, which, if condensed, are the sources for the supply 
some of the most valuable materials. We have repentedly di 
the attention of our readers to the great value of the gu 
products of the coking process, and we have given deacripti 
of some of the methods employed on the Continent for utili 
these products. It may be inconvenient in some localitiE 
find a suitable use for all those compounds which arc permao 
gases; but that portion which can be condensed and oolleclei: 
the liquid state .should be utilized under all circumstan 
Even in the crude state the liquid hydrocarbons arc suitabh 
be used as fnol, and their apjilication for that purpose ii 
question of price. At the present laoment, when the prioa 
mineral oil is very low, crude pitcli-oil and similar substai 
are very frequently used as fuel for firing boilers. One of 
moat successful modes of burning pitch-oil we have recently ( 
in operation at the works «f Messrs. Miller & Co., in Glagg 
The pitch-oil is injected into the furnace by means of a eb 
and impinged aj;;ainst an iuclined plane formed by a eolid pi 
of firebrick masonry occupying the position of the grate in o 
nary funiacoH. One jet of ateera, about 1-16 in. in diameter, 
jeoting a single jet of oil supplied in a stream of about ^ 
diameter, is sufficient fur firing a Comiiih boiler uf 7 ft. diami 
and 26 ft. length. The extreme simplicity i.f the whole arrni 
ment is the principal advantage of this mode of firing boil 
There are no pipes nor burners, no layers of coke or asbestos; 
fact, there are no mechanical provisions whatever in the 
of the furnace, and a steam pipe, fitted with an injector 
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^^Hmded by the peholeum, which is fed &om a reservoir over- 
^^^Lforms the uomplfita feeding apparatus for the Uqoid fuel. 
^^^Bacticsl eKperience of about three tnanths' wurldng assigns 
^^B crude pitch-oil burnt at Messrs. Millers' works the value 
^^Btimea its weight of beat coal, i. e., two tons of pitch-oil would 
^^^Hnal in steam- generating pnwex to 3 tons of coal. At the 
^^H|t moment such oil is valued no higher than Id. per gallou, 
^^Hpit 14a. per ton, and this woidd be eqaal to coal at 9a. or 
^^HjRt ton, considering the relative effects; but even at the 
^^Kt prices which this material was furnierlj sold at, viz., 2^ 
^^^■n, ita uae would not be dearer than coal at 25s. per ton, a 
^^Hwhich is below the market value of coal in many localities, 
^^^hllection of such materials from the coking ovens would pay 
^^H^ which will allow our steamers to use liquid fuel in pre- 
^^Be to coal, and the increasing carrying powers of the ship, 
^^Hkerwith the saving of manual labour in stoking, will amply 
^^Beven a small excess in the price of petroleum over that of 

^^B> application of the waste gases from blast fornacea for 
IFfeing boilers, beating stoves, and calcining kilo^t, we have sufli- 
ciently noticed on previous occasions. Attempts have been made 
to use such gases instead of those of a Siemen's gas-producer 
Sat working puddling furnaces. This has not been successful, 
«ince the temperatures allowed by the combustion of such gases 
ii not Eufhcient, as a rule, to raise a welding heat in an ordi- 
ijsry puddling furnace. In the forge the waste heat is beat 
Utilized by mising steam for tho hammers and engines; but, as 
u rule, the demand for steam is not sufKcient for all the steam- 
geoerating power of the different furnaces in a large ironworks. 
The choice, then, remains between the regenerative principle 
of the Siemen's furoace and some of those arrangements for 
Mving fuel which embody the same abstract idea without the 
application of the same means for carrying it out in practice. 
Of the latter kind of methods fur utilizing waste fuel and waste 
heat, we have given an interesting specimen in our description 
of the new puddling furTiace recently introduced at the works of 
MessiB. Fox, Head, & Co., at Middlesborough. We wonld in all 
ca«e8 of choice, however, give preference to the Siemen's gas fur- 
nace OB the most effective moat economical, and, ia s^Lte of 
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all piejudtee, ae the eimpJed form nf furnace for the euonomicsl 
production of high temperatures." 
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SMOKE PBEVENTION, 
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35, Economy of Fuel and Preeention of Smoke. — " SoBll 
three years since," aaja the ' Mechanics' M^azine,' " we informed 
our readers of the inaugurution of an extensive series of ex- 
perimental triak on ihe evaporative power of varioiia descriptioDt 
of coal and forms of boiler at Wipan. As tLia beats upon tha 
important question of econonij of fuel and prevention of smoko, 
which is one of conaidfrable interest to our readers, we appeal 
the valuable report uf these esperimente, which has been fat 
warded to us by Mr. L. E Fletcher, Chief Engineer of the Man 
Chester Boiler Associatiiin. The object of these trials has beel 
twofold, — firstly, to estabhsh the evaporative efficiency of t 
South Lancashire and Cheshire coals ; and secondly, to ascertaii 
how they could be burnt to the greatest advantage in ordinar 
mill boilers without the production uf smoke, as weU as 
cide upon the best form of boiler, so that the stcani user migh 
learn how to save coal and prevent smoke. 

These trials were bruught to a conclusion on the 24th nlti 
being finished off with three general field days, so as to aSac 
steam users an opportunity of seeing the results ohtuined. I 
Wednesday, the 22d nit, Wilhani Fairbairn, Esq., C.E, p 
eident of the above association, with othei' gentlemen of th 
executive committee, met the luembers of the South Lancashii 
and Cheshire Coal Association, who had been at the expense o 
these experimeutii, ond vLfited with them the trial shed in 
to satisfy themselves as to the success of thi^ trLtla It 
paration for this all the boilers wete in full work. The^o i 
various construction, one of them being of the marine muJtitu 
bular type, and another of the patent conical water tube, while 
,n ordinary Lancashire mill boiler witli steel fumao 
, and the fourth a similar one with iron tubes. 
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tliem were fired und^r differeat conditions, one of them me- 
rtianirally liy Messrs. Vicar's patent self-feeding fiiwgrate, anil all 
![ii' fiiiii.-r.-i by hand. Slack coal was used in the fumacea of two 
fill. Ldilors, including tl.e one to which the self-feeding flre- 
^Tii' iv,!.-: attached, and round co.il in the otiiew, while the 
] ii;,'th >if the firegrate in one of the mill boilera van i feet, 
iiiil ill the other 6 feet. All the boilers were in fall work 
jud heavily fired, yet without producing any smoke be- 
yund a slight trace of a faint colour now and then. After 
"itneesing the esperimeots with the testing apparatus, and the 
I mode of firing adopted, the company — having ai^isfied themselves 
I Mto the absence of smoke — adjourned to a luncheon, provided 
lij the Association for the Prevention of Steam Boiler Explosions, 
in an adjoining room, kindly lent for the occasion by the Wigan 
'.\ialand IronCompany, when a brief report upon the progress and 
rasalts of the trials was read, and the importance of the preven- 
tion of sraoke and economy of fuel spoken to by several of the 
gentlemen preseut. 

On Thursday and Friday, the 23d and 24th ult,, the trial shed 
was thrown open to aa iiiany niKm'bere of the ABaociatlon as wished 
to be present or to send a reprosentative. A eonsiderable num- 
ber availed themselves of this opportunity, and the boilers were 
>liown to them in full operation, as on the previous day, heavily 
lirtd, without producing any smoke, and it appeared to excite 
surprise in the minds of many that the results could be attained 
by such simple means as were then adopte<L 

On the first eeriea of trials a detailed report (see Division 
Fourth, par. 3 1 ) has already been presented to the Coal Assooia- 
tioii, and thinking that there was much information with regard 
to ibese trials whicli would prove of general interest, Mr. Fletcher, 
with the permission of the Coal Association, prepared condensed 
tables of the resulte obtaiued, as well as a briuf account of the 
mwle of conducting the trials. 

Ma J'I:BT(,'her'9 Rkpokt. 

t It may naturally be expiated that I should lay before you 
B'the present occasion a statement of the origin of these trials, 
iHth the objects proposed and the result.'! atfaincil. In comply- 
'" g witb this I have j>ut my remarks in writing, in order to %we 
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yoa the more int'ormation, ami occupy less of your time. It 
necessary, in the first place, to make brief reference to what &rc 
termed the ' Admiratty Coal trials.' Some years ago, at a seri« 
of coal trials made by Sir Henry De La Euche and Dr. I^ot 
Playfair, all the bituuiinous and goaeous coals, those of Soatk 
Lancashire and Cheshire included, were very much under rated 
and the Welsh coala, which ara more or less of the anthracite 
class, placed very incorrectly at a much higher rank for eraporn' 
tive value than the bituminous ones. The reason of this n 
that iu these trials the coala of this district, and of the Norlb 
Country, which are of the same character, were not pr-iporly harai, 
aud thus they did not evaporate a fair share of water. For siVM 
years after, all bituminoua coaU stood at a disadvantage, till, ia 
the year 1855, the !N^orth Country coal owners instituted a 
of experiments on tlie evaporative power of their coaU, under ths 
superintendence of Sir W. G. Armstrong, the late Dr. Biohardsou, 
and Mr. James A. Longridge, C.E, of We.^trainster. These ex- 
periments showed tliat the Newcastle cual would not only evapo- 
rate as much water aa the Welsh, and as rapidly, but also, that if 
properly fired, it could be burnt without smoke, and the Kaw- 
caatle coals were subsequently placed on the Admiralty List. 

The coal proprietors of this district, however, were still left n 
in the cold shade, and believing that their coal did not fear com- 
petition either with the Newcastle or Welsh, resolved to instituti 
a aimilar set of trials to those previously conducted at Newcastle, 
and requested Dr. Richardson, of Newcastle, and myself to under 
take their euperintendence. For this purpose the marine boilei 
now standing in the trial aheil was specially made, which ia i 
precise connterpart of the boiler employed for testing purposes ai 
H. M. Dockywd, Keyhara. These trials, which occupied abonj 
two years, showed that the coals of this district had a high eci 
value, and were able to evaporate 11 '28 lb. of water t 
100 deg, to 1 lb. of coal, without making any smoke beyonc 
a slight trace at a faint colour now and than. This result ia 
equal to that obtained either by the North Country or Welsl 
ooals, and was verified by the Admiralty ofBcers who were senl 
down to inspect a repetition of the trials and report thereon. Thii 
report has fiince been published, and speaks i<trongty in favoar o 
the high character of the South Laiicashiiu and Cheshire coals. 
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Out of these Admiralty coal trials apruog, tlu'ough tlie sugges- 
'iiiiiof Mr. Lancastui, the eeooncl series, wiiich you have beeu 
invited to witness today, aad hence the foregoing ailuaion to 
'■.'wm. It was thought it might be well to extend the trials to 
■irdinary mill boilers ua well as the marine, with a two-fold object, 
'iz., to ascertain, in. tbe first place, how the coals of this distiicC 
iiiuid be burnt with the greatest advantage in the ordinary mill 
ijdilera, and, in the second, the best form of boiler in which to 
hum the coals, and thus to assist the steam user in economising 
f'i'il and preventing smoke. These are most important conaidera- 
::^>na The question is frequently put, Wliioh is the most eco- 
li'imicai form of boiler) while every one has its strong partiatna 
ivlid advocate it as superior to every other. The circumstances, 
ii'iwever, are bo various, under which dilferent boilers are worked 
;i different millg, that it is by no means easy to get at reliable 
.i.itii, and therefore the importance of a careful comparative test. 
With this view, boiler-makers were invited to co-operate with 
the coal owners, the one party finding the boilers, the other being 
at the expense of setting them to work, ptoTiding the eoal, ami 
conducting the experiments. In answer to this invitation, Messm, 
Hick and Hnrgreaves, of Bolton, supplied a two flued boiler witli 
steel tubes ; Messra. Clayton, of Preston, a two-flued boiler with 
iron tnbes ; and Mr. Green, of Wakefield, one of his patent 
waler-heaters, or economisers. Messrs. Petrio, of Rochdale, were 
desirous of sending one of their patent boilers fitted with pockets 
in the fiue tubes, and arranged to do so, hnt the time proving too 
limited, the carrying out of their intention was prevented. Fur- 
tLier, as it was thought very important to try the evaporative 
[ii)wer of a conical water-tube boiler as compared with those of 
uvn-flued construction, one was purehased second-hand, and set 
! )wn along aide of the others. It is to he regretted t}mt a still 
■ I i.iiter variety could not be obtained. The three boilers supplied 
ii.irdly furnished the full means of settling the very vexed question 
d to which is the best form of boiler, and it may be that we are 
but yet on the tlu'ushold of this important inquiry. I will, how- 
^ give you the results obtained with the means in my posses- 
aioa. and trust they may prove a step in the r^ht direction, and 
shall be glad If they are the means of leading to a yet further and 
e exhaustive series of investigations. 
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In describing the mode in whicli these esperimeuts ha 
conducted, it is hardly necessary lor me to explain tti 
appuiitus, since you have thid day seen the lai^e tank 
the watec was measured, aiid the diagrams by which tha 
was estimated. Suffice it to aay tliat the water evapora 
carefully measured and the coal weighed, while the sm( 
observed and registered throughout every minute of each 

In attempting to ascertain which of the three boilers g 
best results, it was clearly necessary to team, in the firsi 
the best mode of firing them, and then to comi>are the 
wault of each boiler with the others. In doing this threa 
of firing were adopted — No. 1, 'spreading' firing; 
'coking' tiring; No. 3, 'alternate aide' tiring. ' 8pn 
firing is that usually adopted, aud which makea so much 
In this system the coal is scattered evenly over the wht 
beginning at the bridge and then grailually working forwi 
the Rre-door. In 'coking' firing the coal is heaped on 
jilate at the iront of the furnace, and after lying there til 
ill rough, the ereet ia pushed backwunls towards the fire-britj 
» fresh charge of raw coal thrown on to the front of the 
in its place. By this means the gases are gradually evol 
stead of being set free almost instantaneously in a cloud, ai 
' spreading' system, while a bright tire is maintained at t1 
of the furnace over which the gasea piiss. ' Alternate sida 
was introduced, I betieve, by the late C. "Wye Willianij 
this plan the coal, instead of being spread across the whoI( 
of the furnace, is cast to one i^ide only, so that one side of 
is black while the othei ia bright, when, as soon aa the 6 
burnt through, the other side of the furnace is ehaiged, ani 

Each of the three aysteme was applied to the Lancashire 
when it was found oil the whole that with round coal the 
amount of duty was obtained by the 'coking' firing, and 
same time the least amount of smoke, though the adop 
' side ' tiring appeared of advantage with ' slack.' and pf 
both systems might be had recourse to with auccesa accor 
circumstances. Firea filso of various thickneases were trit 
6 in., 9 in., and 12 in., when it waa found that the thick! 
9 in. gave a better result than 6 in., and 13 in. than 9 
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^^Bhicksess would have been increased still further hod ttie size 
^^^■e farnace permitted it Added to this, DiegrateH of various 
^^H9i» were tried, when it was (onnd that one of 4 ft. gave a 
^^^B economical result than one of 6 ft,, though it scarcely geiie- 
^^Beo nmch steam. It has heen a very vexed question which 
^^K best part of the fumace for the admissioQ of air ahove the 
^^Hb> complete the combustion of the gases, some advocating its 
^^^kion at the door, others at the bridga Both these plans 
^^Hkherefore submitted to lest, ami, without troubling you with 
^^Ke figures, it was found that there was little or no practical 
^^Hsnce between the two plans, and that a slight admission of 
^^^tt a minute or so after chaz^ng on the ' coking ' principle, 
^^^■ter at the £redoor or bridge, was snccessful in preventing 

^^Bsse [(Kliminaries being settled, the standard Hre adopted for 

^^Hg the relative merits of the three boilers was one 1 2 in. thick, 

^^^feof round coal, and fed on the ' coking ' system, the combits- 

^^Hbeing assisted by the admission of a little air through tlie 

^^Bdt for a minute or qo after charging, by which meivns th? 

^^H^ was practically prevented. This mode of tiring was 

^^Hed on two lengths of firegrate, one 4 ft. and the other fi ft , 

^^Bit was found that with a firegrate 4 ft. in length m^arly 

^^B of water could bo evaporated by 1 lb. of coal, and 150 

^^^K per hour realized by the boiler. When the S ft, firegrate 

^^Hdopted, 9^ lb. of water were evaporated from 1 lb, of fuel, 

^^^nout 170 I.U,F. obtained ironi the boiler per hour. These 

Hnite are without the assistance of a feed water heater. 

I The next step is to c/imparo the results obtained from each 

I "f the three boilers, and, on considering the whole of the 

I 'rials, the following appears to be the result: — The patent 

Wnical water tube boiler is not practically superior to the 

ii'ain two-fliied, as regards either evaporative economy, speed, 

''t the prevention of snjoke ; nor is the plain two-flned 

practically superior to the patent conical water tube boiler. 

With regard to the steel-flued boiler as compared with 

'tie iron one, the steel appeared to have no advantage over 

'liE iron, nor the iron over the steel; so that as far as regards 

Monomy and speed of evaporation, bs well as the prevention of 

smoke, either one of the three boilers aeeme practicB.U^ as ^isoi 
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as the other. These oonclusioiia were based on trials made w 
the boilers set up with external fiue£ in the ordinary way, but 
was thought it would he of interest to check the results, by alle 
ing the course of the flame so as to allow it to pass directlj I 
the chimney on escaping from the furnace tubes, instead of jn 
ing round the boiler through the externol flues Ihia trial o 
roborated the previous ones, and the results from the patent a 
ioal water tube boiler were found to be practically on a par wi 
those of the plain two-Sued. This experiment is interesting 
other wajB. The fuel did not evaporate so much water pet poni 
but the boiler developed nearly as high ati LH.P. per hour w" 
out the external flues as with them. 

There is anotlier question of interest with regard to the on 
atniction of boilers, Tin., whether the introductiou of water tub 
into the flues of Cornish or Lancashire bnilere is of advantage 
not To assist in determining this question, Mr. Clayton, 
Preston, went to the expense of fixing four water tubes in each 
the fiues of the boiler previously supplied by him, so that f 
same boiler was tried with and without the tubes. 

The result of the trials with the tubes oertaiuly showed i 
as a rule, some advantage, though slight, was gained, both in i 
nomy and speed by the addition of the tubes, but it would ] 
quire a little further investigation before I could see i 
clearly to recommend them as wortli their outlay for genei 
practice. In certain cases, where boilers are distressed 
heavy firing, they might be found serviceable as an expedien 
but where boUera are placenl under favourable circumatencM, 
does not appear that much advantage would be gained itnm QiK 
and it is questionable whether tiiey would repay the outlay i 
fixing them in the first instance, and keeping them in repair i 
the secuud, us well as atone for the complication they introdui 
into the boiler. 

There is another point of inipurtaiice in fionnection with a 
dinary mill boilers, and that is heatingi the feed water. It h: 
already been stated that Messrs. Green; of Wakefield, supplu 
one of their patent economisers, fitted with self-acting scrape 
and the results of esperiments with this apparatus clearly showi 
that it was a decided gain, not only in promoting economy, b 
I -^n in raising more steam in. a given time, eo that while the ti 
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^^Bb reduced, the power of the boiler is iocreosed. The feed 
^^^B heater ie also of material advantage to the boiler, irrespec- 
^^^Bf the question of fuel, ina3muc:h as it maintains it at a more 
^^^Kle temperature throughout, and thus promotes its longevity, 
^^^pngh we succeeded in preventing the smoke without any 
^^Bll apparatus, and simply with the proper ase of the shovel, 
^^■ed with the admission of a little air above the bars, yet it 
^^^ttiought deaimble to try the effect of other means, and, there- 
^^^B£r. D. E. Clarlf's patent steam jets were applied. This 
^^^■Btus, though very eucceaafut in preventing smoke, diti not 
^^^Eb a higher economy or speed with round coal than simple 
^^^m firing, but when ' alack ' was used, it was somewhat su- 
^^Hf in economy, but more so in speed. 

^^^Biust not omit to allude to the subject of mechanical liring, 
^^^H is one of considerable importance. All present will be 
^^B or less familiar with the self feeding furnace introduced 
^^H a^ by Ml'. Juckes; this, however, as yet, has been princi- 
^^v applied t-o estemaUy-fired boilers only; but attempts have 
^^^ttly been made to introduce it to those fired internally, and 
^^^Kations were entered into for its application to one of the triul 
^^Bi. It was thought, however, by the patentees that the 
^^^fces were too small, and, consequently, its application was 
^^^Buitly abandoned. Messrs. Vicars, of Liverpool, liave brought 
^^H^lf-feeding Are-grate, which is applicable to boilers whether 
^^Vextemally or internally, and one of these grates was applied 
^^BeBted. It proved very successful in the prevention of smoke, 
^^H^Il as in speed and economy of evaporation ; but when fired 
^^Hround coal, it bad no superiority over hand liring in any 
^^H)f those points. When fired with slack, however, it whs 
^^Biily superior to hand firing both in economy and speed, and 
^^^By aucceasful iii the prevention of smoke. The constant 
^^Hkient of the bars seems to communicate an agitation to the 
J^^fot fuel, which keeps it alive and proniotes tlie passage of 
J Ibe air through it, and thus quickens the combustion, which 

gives this self-feeding fire-grate an advantage in this respect over 

hand-firing. 

In testing the comparative merits of the various boilers, rounil 
coal was adopted as being more equable and reliable in its results, 
and also as affonlin^ b standard of compariHOi\ vi\ft\ Wft -^tvot 
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series of Admiralty trials in which round coal had been 
throughout. After the earlier questions had, however, 
aettled, attention was directed to hurning ' Block,' when it 
found that smoke could be prevented in burning Black 
well as round, hut that it waa more difficult of manageme 
regards speed of evaporation. With slack coal, the coking 
proved rather slow in its action, and side firing, though son 
faster, is yet slower than the spreading; so that although i 
nomical result can be obtained, and smoke prevented, yet 
same amount of steam caanot be raised in the same time as 
spreading firing. We have found a loaa of as much as 30 I 
in one boiler per hour when firing with slack in the spe 
coking firing as compared with sprea'Iing. From this it aj 
that when slack coal is burnt, and fired hy hand, either 
mast he sacrificed or smoke made. This may be met by i 
boiler power, hut wiU I fear prove a difficulty in those 
where boilers are fully taaked In these coses the eelf-fe 
firegrate, previously referred to, as well as the steam jet sj 
promise to be of service. 

From the foregoing it will be seen that in this aeries of 
we have taken into consideration the best mode of firing, whi 
with round coal or slack, with thick fires or thin, with long 
or short, the best point for the admission of the air, as well 
comparative advantages of mechanical and hand firing, a 
result of forcibly injecting air amongst the gases by the steam 
We have also endeavoured to arrive at the comparative era 
tire efiiciency of the conical water tube boiler, and th« 
two-flued, as well a.'* the merits of iron and steel furnace 
with the valae of introducing water tubes into the two-flued b( 
I can scarcely consider this, however, as an exhaustive serf 
investigations, and there are other trials which it would 
been satisfactory to have made. There is the Juckesa fui 
applied to boilers externally, which has its strong advocates ; 
there are several recently patented boilers, with deflecting 
tubes, which are stated to realize highly economical results ; 
there is the multitubular boiler as adapted for mill pui 
All of these boilers it wotild be of interest to submit to a 
ful comparative test. In addition to this there is the ( 
Lem, which is an enlargement of the plan of coking firing 



described. Much ia yet left for other invostigators, but I trust 
that these trials will prove of service to steam uaera, while I wish 
every success to those who are witling to puah them further. 

Though these trials may not be exhaustive, it haa been found 
that enioke may be preveuted, whether fired mechanically or by 
lianiJ, without any special appliance, or when the combustion of 
the gases is assisted by driving in currents of air by jets of steam, 
and I think these trials fairly catabliab the conclusion that the 
stnoke nuisance admits in all caseu of considerable abatement, and 
in most of total removaL As already stated, the only difiiculty 
is in those cases where boilers are overtasked, and these, it would 
appear, could be assisted by mechanical feeding, or the use of 
the steam jet apparatus, while in many of them the difhcuUy 
could be met by resetting the boilers, or renevriag the chimney, 
BO as to improve tha draught, or, at all events, by additional 
boiler power. With sufficient boiler power the smoke question 
ia settled. 

With regard to the form of boileta it has been found that 
those of tbe plain, two flued construction, aided by a water 
heater, are able to develop a very high result. Wo have eva- 
puTat«d as much as lOJlb. of water at 100° by lib. of coal 
OQ a firegrate 4 ft. in length, and 10^ lb on a firegrate 6ft. in 
length. In both cases this has been done without smoke, and 
while evaporating as much as 100 cubic feet of water from the 
boiler in tbe course of the hour with the 6 ft. firegrate, and 80 
cubic feet with the 4 ft. grate, which ia sufficient to develop, 
with a good engine, about 200 I.H.P. per hour in the first case, 
and 160 LH.!'. per hour in the second. 

I cannot conclude these remarks without calliog attention to 
tlie great influence of careful stoking simply, on smoke preven- 
tion. These trials have proved how very much depends on the 
[iroper use of the shoveL George Weekes, the stoker, who has 
tired the boilers throughrmt this series of experiments, as well as 
the previous one with the Admiralty boiler, takes an interest in 
his work, and considers stoking as his profession. In this way 
I think it should be viewed. Firing is an art anil should be 
treated as such, and not as a slap-dasb random process which any 
untaught labourer can accomplish. To a great extent our smoke 
producers are the stokers. Educate the stokers va Uicn wi^ «.^A 



amoke will be preventeii They should Ihi iuatructed, in the 
ioEtance, how to fire without producing smoke, and bo sti 
lated to constaut care by a. tine on failure, and a prtsniinm 
success. If steam users were united lu the movement, 
queatiou would soon be settled. A stoker would tben reqtii 
diploma of competence as a 'smoke preventer' before ublau 
a. post, and his livelihood would depend upon his skill 
question, after all, ia not one entirely of science. As aoon 
public become sufficiently educated on the eubject to demand 
suppression of the uuisance, and stokers are placed in their 
per position, smoke will be abolished. The question is as n 
a social as a scientific one, eud to t\haust it fully, one i 
travel into other fields than those of material science only, 
this I leave to other hands, though I cannot help espressing 
hope that the meeting of this day, by drawing attention to 
importance of the subject, will prove a step towards supprea 
the smoke nuisance, and thus of promoting a most ii 
sanitary and eocial reform. 

LaviNGTON E. Flbtober 
36. Smo/ce Prevention at Hanky. — "The modus operui 
those clauses of the Sanitary Act of 1866," says the 'Engiii 
under date September 4th, 1868, "which have reference to 
prevention or consumptioii of smoke is at the present lime \ 
elucidated at Hanley, the principal town of the Sta&brdahire 
teries, aud some particulars of what is there taking place wil 
doubt interest many of our readers. The Sanitary Act cai 
force on the first of August, 1866; but the difficulties ii 
to the prevention of the smoke nuisance in manufacturing dial 
induced the Legislature to extend to the local authorities che 
with carrying out the provisions of the Act a year's grace 9 
as the smoke prevention clauses were coucerned. On and 
the lat August, 1867, no option was left to the 'nuia 
authorilj,' who was required to summon all contumacious 
producers, who rendered themselves liable to penaltiea in 
event of their failing to prove tliat they consumed their 
'as far as practicable,' Eecognising the force of this obliga 
the town council of Hanloy, on the 26th of September, 1 
issued a circular to the manufacturers of the borough, infoi 
them ' that it would be incumbent on the council rigidly I 
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foroe the Act after the first of August, 1867.' They alao sent 
delegates to a conference of the local governing bodies of the 
Potteries, held in October, 1867. at which conference the follow- 
ing resolution was adoptoil : — ' Tliat, with regard to furnaces and 
fire-places, all the schemes then known but partiallv attained the 
desired object, and that no plan had been discovered which they 
could recommend to manufacturers as capable of conanming 
smoke to the extent required by the Saiiitaiy Act, 1866; but, by 
way of getting as much done as posaible, be it rexolved that 
noticea eUall be immediately given to the owners of the said 
engine-furnaces, slip-kilns, and other such oliimneys, that the 
provisions of the Smoke Clauses Sanitary Act, 1866, will be put 
in force ; and also that, as no scheme foe the consumption of 
smoke arising from potters' oven? and the calcining of ironstone 
has been discovered, the attention of the Chamber of Commerce 
and the Local and Ironmasters' Association be directed to the 
I Smoke Consumption Clauses of the Sanitary Act, 1866, with a 
■ view to experiments being made to ascertain the beat means to 
I achieve the desired object.' 

' On the 2lBt of the following nionth the town council puh- 
liabed this notice in the local papers; — 'In consequence <«{ the 
lime allowed by the Sanitary Act, 1866, for the consumption of 
Muobe as far as practicable, arising from the couibustihlea used in 
furnaces atUtched to atoam engines, boilers, slip-kilna, and other 
anch chimneys, having expired, the nuisance authorities of this 
borough feet it a duty efieotively to call the attention of all pro- 
prietoTB of such furnaces to the fact that they are now exposed to 
penalties for further neglect of the provisions of the said Act' 

From this time forward the council sheived the subject, tbeir 
indifTerence being, on all bands, attributed to the circumstance 
that jnat one-half of their number were smoke producers coming 
within tbe operation of the Act For severel months this deli- 
Iterate avoidance of a public duty was patiently eudured by the 
n on- manufacturing portion of the inhabitants, but at length — that 
is to Bay, in April last — upwards of 200 of tbe most influential 
rendente, including nearly every professional man in the borough, 
tnemorialieed the Home Secretary, praying him to send an in- 
spector into the distiict for the purpose of putting the Act into 
force under the powers conferrud by the 49th section. Tlie 
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meraorialista alleged that notwithatanJmg the attention of tb 
oouncil had been repeatedly called to the duty which the Act ii 
posed upon them, they had made no attempt to prevent the CD 
tinuance of the smoke nuisance. 

To theae allegations the CDuncil replied in a voluiuinoua docu 
ment, in which they stated the notices already referred to bad Iw 
many of the manufacturers to adopt the best known means ftn 
consuming smoke, that a smoke inspector had been apointed t 
carry the Act iuto force, and that they had not proceeded a] 
any parties for iion-conaumption of smoke fur these reasons :- 
lat, Becauac of the unusual difficulties presented by the stap 
trades of the borough ; 2d, because the council felt its own ii 
ability to construct works which would consume smoke penn* 
nently, even to a practical extent; 3d, because the niann&cturei; 
were to a very lai^ and reasonable extent carrying out the h 
known plana; 4th, believing that so won as methods or plani 
were discovered which would to a practicable extent oonsntoi 
smoke, the manufacturers would readily adopt them. 

They also joined issue with the memorialists in respect to thi 
mpid increase of the smoke nuisance and the unhealthiness o: 
the borough, stating that although there was a populatioi 
40,000 souls, with no system of sewerage, on account of the diffi 
culty of providing an ontfali, the death-rate was lower than othei 
equally lai^e manufacturing towns. Finally, they ui^ed t' 
having regard to the short time during which the Act had b 
in full force, and the efforts which were being made to abate the 
nuisance, ' the council had, to a fair aod reasonable extent — dnc 
regard being had to the difficulties of the case — carried out the 
Sanitary Act, 1866.' 

The memorialists having uiaile their rejoinder, the Kouje Sec- 
retary at once, and for the first time under the Act, commissioned 
Mr. K. Bawlineon, C.K., to hold an inquiry on the spot, and for 
that purpose Mr. Kawliuson sot at the Town Hall, Hanley, on 
the 28th of July last. The council was represented by Ml, 
KcMahon of the Oxford Circuit, and the memorialists and th« 
Potteries Chamber of Commerce by local advocates. The corn- 
's initiatory statement was to the efiect that the Soni- 
vas either a dead letter or a living letter, and althoug' 
V from former experience sometliing of the iudepeud^ 
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spirit of ths people of the Potteries, be truated they would 
liijueatly and enmeatlj address th-einselyes to the enforcement of 
[lie Act, in order that the GoTerrimont might have no exc-ise 
: <r interfeTing in the manage meat of their alTairs, ' He apoke 
:rom his own esperience when he said tliat uine-tentha of the 
liiick smoke now poured forth from manufactories and engiDea 
was sheer waste, and might be proTcnted. It would not do for 
him to bolster up any particular patent, of which there were 
scores, for it was not so much a matter of patents. It was a 
matter, in the first instance, of proper boiler construction and of 
plenty of boiler room, but the most important feature of the 
question was proper stoking. It began and ended with stoking. 
Hitherto it had been thought that any sort of thickhead would 
do for a stoker — that any one who could lift a shovelful of coal, 
and who was content with very low wages, was good enough. 
Now, that idea had to be unlearnt, for it was necessary that a 
stoker should be a comparatively educated man. He must know 
his business and must be well prtid. That was where the pinch 
would lie. If the stoker knew his duty, and did it properly, he 
(the Gonimiaaioaei) would undertake that the smoke nuisance 
would be cured without the introduction of patents. "What the 
Town Council had to do was to show the Secretary of State they 
were honestly doing their best to put down the smoke nuisance. 
They muat know that there were careful men and negligent men 
in every community, and it would be their duty to compel the 
careless men to comply with the Act. To use a simile, he had 
never rightly understood that passage of Scripture, " By faith 
ye shall remove mountains," until he came to be embroiled in 
the smoke question. Then he found that whenever a manu- 
facturer said he had tried every possible expedient and cuuW 
not prevent smoke, and was sure he should never be able, he 
did not succeed because he had no faith. But when they came 
to converse with a man who had informed himself upon the 
subject, and who had faith that the problem could be solved, 
he almost always succeeded The subject really lay in a nut- 
shell, hut if the majority of the Town Council were obstinately 
determined to believe that the thing could not he done, it would 
not be done until some superior force had been brought to 
bear. They would have to educate themselves, and to imbibe 
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1 amount of faith which, if they put their ehouliiera to ti» 
wheel, nonld remove all difGculties.' 

Mr. McMahon Raid he wuh prepared to prove that the cons- 
cil }iad done all that could "be done for the trade of the town, 
but the; were prepared to Adopt any GnggeatioDS which the 
ufimniissioner might he pleased to make. The comniission 
plied, 'that the moat practical thing for the Council to do 
would be to appoint an efficient inspector. The L^slataw 
had never inaisted that all smoke should be consumed, hut ma 
satisfied if the Bmoke produced was only ' PBrliamentary amolte' 
— that was to say, smoke which could be seen throngh." The 
comraiasioner having intiraated that the Home Secretary wnnU 
assuredly comply with the prayer of the memorialista, and 
saddle the borough with the expense of a Government inspec- 
tor if they any longer evaded their duty, the inquiry was ( " 
jouraed for a month to give the council an opportunity of 
trieving their reputation. 

Tliid they wore not slow to do, fur nii the commissioner 
taking his seat in court, Mr. McMahon waa enabled to inform 
him that three days after the iirat sitting the Council ap- 
'pointed 'an efhcient smoke inspector '—the previous appdnt 
nient of a amoka inspector referred to in ihe n?ply to the 
inorial appears to have been an hallucination — who had divided 
the borough into diatricta, had reported to the Kuiaance Re 
luoval Committee the most flagrant offenders — auoh as thi 
who made forty-five minutea of dense black smoke out of th 
hour — and had instituted {iroceedings against Earl Granvill 
and five other leading manufacturers of the borough. On ~ 
ing that the Council was acting in this vigorous mannt 
commissioner, whose remarks at the first sitting were chana 
terized by Bome severity of tone, said he was quite prepare 
to admit that time roust be allowed to the Council, and thi 
he had the greatest confidence in the integrity and ability ( 
Mr. Davis, the learned stipendiary magistrate for the Fottcrie 
before whom the summonses will he heard on Mouday nex 
It is due to the Council to say that Mr. McMahon showc 
conclusively tliat the notice they had issued had induced a coi 
aiderable number of the principal manufacturers to spend lai^ 
sums of money in the introduction of various patents for tl 



prevention of emoko, aod that mxieh of tlie delay of which 
the luemorialiats compl&lneil was due tu the suddeu deatli of 
the borough aurveyot in January last Mr. Jolm Strick, Earl 
Granville's colliery manager, said nearly £3,000 liad been spent 
on bis lordship's extensive wurks, including .£2,000 laid out 
covering the tops of the Etruria blast fumacce and ntili 
the gas generated." 
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37. Bailey's Steam Eiiiiine. — The easentidl requisites in a 
steam engine in order to excel in the present advanced stage of itA 
improvement, are lightness, strength, compactness, and simplicity, 
»] that it can be easily transported, occupy hut little apace, be 
readily put up and operated by engineers of ordinary capacity and 
limited experience. The working ptirtB should be few and durable, 
und protected irgm the injurious effects of dust and dirt. In 
tiiis engine the elements above mentioned seem to he combined 
in an eminent degree. The crank of this engine, with its con- 
necting-rod, ifec, is euclosed in a steam-tight head, so arranged as 
to form an extension from one end of the cylinder in which the 
piston works, and to this piston the connecting-rod is directly 
pivoted, and the opposite end actuating the fly-wheel. To close 
the commuuication between the cylinder and the hollow head, a 
transverse slide ia ti.tted with a rocking block, through which the 
i:onnecting'rod passes, the combined, action of which provides for 
the free motion of the connecting-rod, and, at the same time, 
furming a sufficiently steam-tiglit division between the cylinder 
und bead. 

Upon the standards is secured a eylinder with its attached 
liead, and they support the valves, &c., necessary for the action 
of the engine, A piston is fitted to the cylinder, and is made of 
sufficient length to form in itself a guide in its reciprocating mo- 
tion. One end of this piston is hollowed out to receive one end 
uf the connecting-rod, which is pivoted to it, the opposite end of 
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the rod being attached tu the wrist-piu of the disc, which is keyed 
to the shaft of the fly-wheel. This disc is etielosed in the ex- 
tension of the cyhnder, and the form of this extensioa is such 
as to correspond to the travel of the connecting-rod. This ar- 
rangement of piirta not only dispenses with a piston-rod, cross- 
head, &C, but forma a steaJy- working and compact form of en- 
gine, having its crank and connecting-rod concealed from view and 
injury. To close the communication between the forward end 
of the cylinder and the head so as to exclude the steam which 
would otherwise fill it, and would consequently be eshausted with 
every stroke of the cylinder, proving a loss, a shde is fitted in a 
case, so that a free vertical motion is given to the shde by the 
motion of the connecting-rod. Through a central opening of this 
slide the connecting-rod passes ; and to form a steam-tight joint 
the rod passes through a rooking-block, which has a curved form 
of face to correspond with a similar curvature made in the slide. 
By the motion induced by the connecting-rod the shde works 
up and down, and the block works in its seat in an oscillating 
manner, presenting no impediment to the operation of the rod, 
and by the combined action of the slide and rocking-block the 
connecting-rod has free passage and play in a sufHcient ateam- 
t^ht manner without the aid of a stuffing-box ; but inasmuch as 
the head forms a steam-tight laclosure, it is by no means neces- 
sary that the slide or the block be otherwise than a good working 
flt, and packing may be dispensed with. It will be observed that 
the steam-tight extension of the cylinder encloses all the principal 
working parts, which serves to keep them well lubricated, and 

, prevents the ingress of dust, dirt, or other foreign substances. 
This makes it especially applicable to the American street cars, 

I and we understand that one is now being introduced into a car 
in New York. The ' American Gasl^ht Journal,' to which pajier 
we are indebted for all particulars, states that this engine was 
patented in March last year, and is on sale at 42, Day-street, 

L Mew York, where it appears likely to be in good demand. — Me- 

y chanice' JUayazine. 

I 38. Haltg Rotary Engine. — The following is a description. 

pud illustratioii of this engine as made by Mr. Cowen of Notting- 

rlbun: — "A, fig. 47, is the cylinder truly bored, faced, and fitted 

[jlritti covers, which are also faced, and through which the mun 




ahafl B wurka. This shatt is auppurted at each end in conical 
beaiings, which are aiTanged so that they can he adjusted for 
wear. Tlie revolving eccentric piston, E, ia keyed on the shaft 
B, and is kept in perfectly .'^team-tight contact with the circum- 
ference of the cylinder by means of the metallic packing F held 
fiut by springs as in an ordinary piston ; whilst it is kept tight 
endways by means of the metallic rings G G, also held up by 
springs against the faced surface of the covers B D. H is the 
steam inlet, and I the exhaust outlet, whilst K is an equilibrium 
cut-off valve worked direct from the cam L, which slides on the 
shaft B, as controlled by the patent horizontal governor, as shown 
in the elevatioa The admission of steam is thus regulated by 
this valve in direct proportion to the load on the engine, thas 
maintaining an uniform speed under variable loads ; M is the 
abutment slide, which follows the piston during its revolution in 
the cylinder. The fteam in the steam chest ^ceasing on tbe 
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trip forces the slide against the piston again for the next revolu- 
Hon. 

""We have," says ' Engineering,' " by ua diagrams taken by a 
Eichardu indicator from one of these engines ; th«se diagrams 
showing a very good distribution of the ateam. Two pairs of tlie 
iliagratas are off the same eoginu, and show the action of the cut- 
off valve under vatying loads. The engine in question has a 
cylinder 18 in. long by H in. diameter, and a piston 14 in. in 
iliameter. The boiler pleasure was 42 lb., and the diagrams were 
taken when the engine was running at 150 revolutions per 
minttte. We have also in our possession disgtaras taken from a 
larj>er engine, which has been indicated up to 37 horse power. 

The engines we have described are arranged to rnn, if required, 
IX great speeds, and the speed can be easily altered by tightening 
«li the governor spring on the luaLn shaft. A surface speed of 
Ihe piston of 900 ft. per miuute in the regular working speed, 
qnd small engines have been run with ease up to 1,500 revolu- 
'ioiis per niiuute." Fig. 48 is a perspective view of this engine. 
39, Rotary and reciprocating EngineB. — " We are in receipt of 
Several coromnuitationa upon the relative value of rotary and re- 
ciprocating engines, and the supposed waste of jrawer by the uso 
of the crank while passing the centre. In one instance we are 
aiiked tn compute the precise ' diameter of a rotary engine, that 
will equal iu efficiency a reciprocating engine having an equal 
piston area, and a crank of given length.' This question of loss 
uf power by the crank is constantly recurring in one form or 
another, and we have so often discussed it in our columns that 
we think our views upon it should be well understood by those 
who have been for any considerahlB time readers of our paper. 
The attempt to substitute auy other method than the crank for 
changing a reciprocating motion into a rotary one, where any 
heavy work is to he done, has always lesuKcit in a demonstration 
of the superiority of the crank. The latter is at the same time 
one of the moat simple as well as one of the most beautiful of all 
mechanical movements. The notion that it wastes power is not 
foonded upon fact, and we think we can make this perfectly plain 
to our correspondents. 

Steam under a given pressure possesses a fixed amount of 
roecbanical power for every unit of volume. The a^ijliosAvin^. ot 
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the preBsure and expansive force of s given amount of steam 
through the entire revolution of a crank, provided it might be so 
applied, wnald not iucrease its working efficiency. The eame 
aiuotint applied to a portion of the revolution so that its entire 
efficiency should be used wonlri produce the eame result Sup- 
pose a wimllass to have a fly wheel attached of sufficient weight 
t<i store up and to impart considerahle more power than is re- 
quired to raieo the weight attached to it. Suppose further, thai 
a power of 4 lb, apphed to the winch throngh its entire circuit it 
sufficient to raise the required weight. Then will a force of 18 
lbs. appUed successively through ^ its revolution continuously 
raise the weight In this case 12 lbs. of force are taken up by 
the fly-wheel and gradually expended in raising the weight 
throngh the three-fourtha of the revolution to which the power 
is not directly appUed. In reciprocating engines the steam ii 
applied only throngh a partial revolution, but enough ia applied 
so that the surplus force absnrbed by the fly-wheel, expended 
daring the remainder of the eemi-revolution through which the 
crunk must pass, ia sufficient to keep up the speed at the rei^aired 
rate. Therefore there is no toss of power, provided the paJts of 
the engine are properly adjusted, and the steam is cut off at such 
a portion of the stroke that the fidl force of its expansion is real- 
ized. The steam in a reciprocating engine is applied while the 
connecting-rod is nearly at a right angle with the crank ; the fly- 
wheel transmits its store of farce in a direction always at right 
angles with tiie crank ; hence it ia absurd to suppose that other 
devices having for their object the application of the steam in a 
direction uniformly at right angles with it, can possibly possess 
any great superiority over the crank and fly-wheel which does so 
very nearly the same thing. 

Now a word in regard to rotary engines. If steam is applied 
to them only through the same fraction <if a revolution that it is 
applied to reciprocating engines, we think there iii no one who 
would suppose them superior to reciprocating engines. But if 
ste^m were applied only through one-fourth of a revolution, twice 
during each revolution, it will take twice as much steam to supply 
it during the entire revolution. In the latter case more power 
would hie obtained, but it would be at the expense 
Hence we assert that a rotary steam engine, having the 
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piston area as n reciprouitiiig ungiue, properly constnicteil and 
manipnkted, and its Bemi- diameter equal to the length nf the 
crank, can never do more nork in proportion to the steam ustsl 
(leaving ont of the g^uestion tht- slight disadvantage in the apph- 
cation of the power above alluded to), while on account of the 
irapeifect use of the expansive force of the eteam, it is less efii- 
cient. The account summed up would leave a balance in the 
favour of the latter."— Scie'ifi^c Avierian. 

, 40. The Allen {Hi<jh Simed) Enyina. — In the numbers of 
'Eagineering' for Feb. Tth, Feb, 14th, Feb. 21st. Feb. 28th, 
and March 6th, 1868, the reader will find five elaborate articles 
on this engine, which is at present attracting so much attention 
amongst practical men. From the length to which these papers 
extend, and from tlie number and size of the illustrations, we are 
prevented from giving more tiiau a few extracts, as follows; — "Tiie 
fuDda,mental idea upon which this engine, in ccitomun with the 
Corliss and muny otiiers, is designed, is that of variable expansioa 
Jlngines of this class have no regulating- valve, but the full boiler 
pressure is maintained in the valve-chest, and is admitted to the 
cylinder at the commeacement of each stroke, and the governor 
adjusts the force to the varying resistance by changing the point 
of cut-ofC The action of the regulating- valve raises or lowers the 
Bteam-hne on the diagmm, while that of the variable cut-otf 
lengthens or shortens il^ as the load on the engine is increased or 
diminished. 

The object of working steam expansively is, to obtain a high 
mean pressure through the stroke with a low terminal pressure, on 
the assumption that, while the former represents the work done, 
the latter represents the quantity of steam expended in doing it 
How far this assumption is found cotrect in practice we will in- 
quire by and by ; upon its approximate truth all expansive work- 
ing depends. It is readily demonstrated, and is abundantly 
proved in practice, that the greatest dlfTerence between the mean 
pressure in the cylinder through the stroke and at the end 
of the etiijke, or at the point of release, is obtained hy ad- 
mitting tbe highest attainable pressure at the very commence- 
ment of the stroke, maintaining it up to the point of cut-ofi^ 
cutting olf early and sharply, and permitting the confined steam 
to exert its expansive force to the end of the stroke, ~" 
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lettcally, tba earlier the cut-olf, and tlje further espaitaitin u 
canieil, the hetter; but this ia greatly modified hy various piac- 
tical considerations. While engineers are agreed in emplojing 
some degree of expansion, perhaps no tiro would recommend pre- 
cisely the same. The last few years have seen interminabli 
iliacusnons ou this subject. Mr. Isberwood, the self-constitat«d 
American authority, after dogmatically fixing 7-lOthg of the 
stroke as the proper point of cut-off, employed himeelf, in tlie 
celebrated contest between the Winoski and the Algonquin, a 
much higher grade of expansion, cutting off rather earlier than 
ftha of the stroke. Expansion can certainly be overdone. In 
this engine it is preferred to cut off at from l-Sth to l-6tli 
of the stroke, which ia about the mean between the views of 
extremists on both sides. 

In employing a high grade of expatisioa, especially vrith tha 
eonsiderabls pressure of steam now usually carried in utationujr 
boilers, two serious practical difficulties are met with. The fiat 
arises from the injurious effect of the sudden application of m 
great a force on the ceotres, wMoh the beam-engine, indeed, uo- 
uot be made to endure ; and tbe second is found in the exlrenw 
difference between the pressures at the opposite ends of the stioke, 
which is such that the crank, instead of being acted upon hj t 
tolerably uniform force, is rotated by a succession of violeDl 
punches, and these applied to- it when in its most unfavoutalil* 
position. 

The latter of these objections the advocates of variable expul- 
sion have never heretofore attempted to fp-appte with, but have 
contented themselves with obviating, as far as possible, the M 
effects of this unequal action of the steam, by employing heuj 
fly-wheels. 

The lirst-mentioned dif&culty, however, has compelled attention, 
and perhaps no mechanical problem has ever received mint 
study than this, to cut the steam off sharply, and yet to admit 
it gradually. 

In America, where much attention has been given to this sub- 
ject, it has been generally supposed that this problem could be 
solved only by the employment of what is known as the liberating 
valve-geai. This is a mechanism which releases the valve when 
wide open, or partially open, as the case may be, and permits it 
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;o be closed moreauddenly, by theactioii nf gravity, orof a spring, 
jr by the pressure of the atmosphere. The idea of the liberating 
ralve-gear had its origin in the brain of Mr. Frederick K Sickles, 
rf New York. The apparatus devised by him for its application 
o the double-beat valves employed on ateamboat engines in the 
Saatem States was singularly iageaioufi and efficient, and has, for 
he last twenty-five years or more, been known as the Siiilea 
snb-oS. It combined on opening; at first exceedingly gradual, 
ind then accelerated aa the motion of the piston is increased, with 
IB almost instantaneons closing of tlie port 

The TeoBoning of the advocates of this eyslem was short, and, 
n their own view, conclusive. It ran as follows : — ' Steam, to be 
sxpanded to the best advantage, must be out off sharply. Tha 
tacking in of steam into the cylinder through a gradually con- 
tacting passage, techoically termed "wire-drawing," involves a 
{Teat Insii, and is not to be tolerated in any degree. A valve 
slosed by a return of the opening motion cannot effect a shurp 
mt-off; bnt if it could have a motion sufficiently rapid for this 
Turpoae, then the opening motion would need to be equally so, 
ind this would admit the steam so sttddenly and violently on the 
sentres as soon to destroy the engine. The admission must be 
gradual; the cut-off ninet be sudden. The liberating gear only 
:ai) give to the valve a slow opening and a swift closing move- 
nent. Ergo, all the world must, sooner or later, come to use the 
iberating valve-gear.' 

The Allen engine also effects these objects among others, but 
n a very different way. It presents two grand ieatures for con- 
{deration, namely, the peculiar system of valves and valve-gear 
nd the high speed. The action of the i'ormer effects, by con- 
innous motion, a perfect distribution of the steam in respei^t 
f economy; and that of the latter causes all the practical diffi- 
□Ities, as above described, which lie in the way of the BuceaBs- 
iil employment of high grades of expansion combined with high 
iressure of steam completely to disappear. The crnnJc receives 
e little pressure on the centres as we please ; none at all. if 
re like; the force is applied to it, as it advances, in a uian- 
iBT more gradual than the advocates of gradnated openings and 
ate admission ever drea]ned o^ and a fair approximation is 
uade to a uniform rotative fores throngh the Ktioke. 
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The theory of working by variable expaDsion requires tba 
folloving distribution of the «team : — Ftret, the lead of the 
valves should be constant, or the same for all points of cat-o$ 
admitting the full pressure at the beginning of the stroke; 
md, the opening should be sufficient to enable this pressmft 
to be maintained in the cylinder up to the point of cut-o^ 
the cut-off ehould be bo rapid, that the pressure shall not &11 
during the operation of closing the port; and, third, tUe exhai^ 
action should not he effected by changes in the point 
off, should permit the confined steam to exert il8 expauam 
force BB nearly as possible to the end of the stroke, and 
discharge it without loss of power from back pressure. Tbt^ 
every feature of the diagram is invariable, except the point 
cut-o^ which ia moved by the action of the governor, aocorfii^ 
to the changes occurring in the load. It ia not possible to 
all these objects by means of a single valve. The exhaoat- 
valves must differ from the ad mission- valves, both in tb«r di- 
nienaiona and in their moveroenta Each must he adapted 
performance of its own functions, and to this end must be qnito 
independent of the other. 

In this engine four valves are employed — one for adinitUng 
the sttam, and one for releasing it, at each end of the cylindei. 
There is no separate eut-off valve; but the admission-valve^ 1|J 
closing, effect the cut-off. All these valves derive their 
from a single eccentric 

The system of valves and valve movements which we have 
scribed has no necessary connection whatever with high 
It may be employed with as great advantage at twenty 
tions per minnto as at two hundred revolutions; hut, oo 
other hand, it answers as well in every respect at two hundrei 
or even at five hundred, revolutions per minut« as it does at twenl^ 
Its admirable adaptation to the exigencies of high speed does 
at all require, but it enahies us to employ, such speed to any 
tent that we may, nn othci' accounts, deem to be desirable. Being 
however, convinced, both by theoretical and practical deraonitlk 
tion, that important advantages are to be derived from the ( 
ployment of high speed, that the popular view, which r^aid 
as an evil without any compensating good, is utterly wrong, i 
that, on the contrary, it is in every respect in wliiuh it can 
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regarded beneficial and desirable, and lielieviiig, moreover, that a 
high grade of espansion ought uut to be employed except in 
conjunction with high speed, the promoter of this engine, while 
he does not in any caae insist upon it, strongly recommends for 
general purposes a piston-speed of from 600 ft. to 800 ft, per 
minute, and is prepared to employ a still greater speed where cir- 
oumatances may render it deairahle. We shall present here briefly 
the advantages of high speed, and shall then consider the supposed 
objections to its use and the construction which it requires. 

The great snd controlling reaaon for the employment of high 
speed in these engines, in which a high grade of expansion, with 
Ugh initial pressure, is employed — a reason compared with whicli 
the other advantages which it presents, great as these are, become 
of secondary consequence — is, that it enables us to avail ourselves 
of the inertia of the reciprocating parts of the engine to relieve 
the crank from pressure on the centres to whatever extent we 
choose, to apply the pressure upon the crank in a gradual manner 
as it advances, and to equalize the driving pressure during the 
strobe, so that, in a properly constructed engine, the higher the 
speed the smoother, and more uniform, and more silent the run- 
ning will be. 

(Here follows an elaborate demonstration of this action of the 
reciprocating parts in modifying the distribution of the pressure 
through the stroke while transmitting it to the crank.) 

It will be observed how completely the designer has this action 
of the reciprocating parts under control. He can proportion their 
speed and weight to the pressure of steam in such a manner as to 
relieve the crank from the blow on the centra to whatever extent 
he may wish. The accumulation of pressure npon the crank 
daring the latter half of the stroke is not, in a properly designed 
engine, in the least degree objectionable, because there is nothing 
sudden in the mode of its application, but it comes on the crank 
in a most gradual manner, tt will, however, be found that this 
action of the reciprocating parts cannot be exerted in the degree 
necessary to produce a really good effect, unless either the piston 
speed is much greater than we care to employ, or these parts are 
(rf Tery considerable weight. 

The notion that the reciprocating parts of high speed enginee 
should be very light ie therefore entirely wrong, T\\e'^ 6\\tt\]IA 
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be u hbsvy as tbey e&n he aiaile, llie heavier the better. U, I 

example, in an engLiie making 120 revulutioos per minnt^tl 
R«ipioc«ting parts weigh 10 cwl., and relieve the crank of 6 
force of the Bteam nhen on. the centres, to the extent of SBi 
per square inch of piston; then by increasing their weight I 
one ton, they will relievu is of 50 Ih, and the running of li 
engine will be materially improved in the roapecta of snioothni 
and uniformity. Hie Allen engine posaeesea an advantage : 
this respect, in having the weight of the air-pump ram added I 
that of the usual reciprocating parts. These remarks do « 
of oonree, apply to locomotive engines, in which the weiglit 
the reciprocating parta is limited by other conaide rations, and, 
which the shock of sudden admission at high apeed is avnde 
and the driving pressure through the stroke is equalised by a 
cesmve compression. 

We pass now to the secondary advantages of high speed. T\ 
moat obvious of these is the increased power obtained by me« 
of it One engine, for example, making 100 revolutions ^ 
minute, exerts the same power which would bo given by a pi 
of similar engines making 60 revolutions per minute. "We na 
be informed that coupled engines are employed to give steadinf 
of motion — an object for which thej are in fact still less need 
than they are to furnish the power. All that we want is 
mical, and, above all, uniform and reliable power; and eve 
the first stenm engine was made the tendency has steadily be< 
by eiiiplojing higher pressure and more rapid piston speed, 
more recently by the introduction of direct acting forma, to 
tain this power from smaller engines. 

More important advantages result from the more rapid ra 
tion of the shaft. Foremost among these must be placed t 
increased efficiency of the fly-wheel, the power of wliich, 
vqualJM the motion, increases as the square of the number of! 
volutions. If, then, in place of the coujiled engines already n 
poai'd, we substitute a single engine of the same dlmenaiona, ) 
uinking double the numbet of revolutions, we obtain not oi 
Ihu •nme power, but also greater uniformity of motion; for I 
viiriulionn of force ore not much greater, while the contiollj 
jiowiir v{ Dill tly-whool IB increased fourfold. 

'I'liv udvaiita^ of more rapid rotation are larg^y felt in 
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^HosmiBsioa af power. EiigiiLeers undeTstanii very well tliat, 
^BoreticaUy, the prime mover should uverrun tbe resistaQce, tbo 
^^pioii shoald drive the larger wheel, motion slioald be not mul< 
^^Kedbut reduced in trassmisBiou. This can seldom be attained 
^^bractice, but high speed gives the great advantage of an ap- 
^^Bdmation to this theoretical excellence. On the other band, 
^Hir-speed engines work against every disadvantage. To begin 
^^b, coupled engines and enormous fly-wheels have to be em- 
^^ned to give a tolerably nniforns motion; often great irregnlar- 
^^■B are endured, or the abominable expedient is resorted to of 
^^■cing the fly-wheel on the secosd motion shaft. Then comes 
^B task of getting up the spee^l, with the ponderous gearing 
^^fcugh which motion is communicated in the wrong direction, 
^Htcnormous straina, and the jagged motion resulting from torsion 
^Hs back lash, the villanous nature of all which habit prevents 
^^Kfrom realising, but cannot make us wholly blind to. Slow 
^HtioQ prevents, also, the use of the belt, immeasurably the pre- 
^^Kble means of transmitting power from a prime mover. 
^^U. careful study of the forces developed in the running of an 
^^Bjne at high speed will enable us to attain a construction, in 
^^Bch the difficulties ordinarily eocauntei«d disappear, as com- 
^^bely as if they had never existed. This is readily illustrated 
^^Ka revolving wheel If unbalanced, it will, at quite a muder- 
^^ft speed, begin to vibrate, and on a little further increase of its 
^^■pcity this action will become violent; and if its journals aie 
^^nmj respect defective the hearings will be hot; and we may 
^^hceive a person ignorant of the cause and cure of this, ot in- 
^HEaent to it, pronouncing rapid revolution to be impracticable. 
^Hft if a wheel is accurately balanced, and its journals are pro- 
^^My made, there is found to be no limit to its practicable velo- 
^^B, except that fixed by its cohesive strength. At any speed, 
^^fet of that at which it will fly asunder, it revolves in perfect 
^^BKcence, while its journals float cold in their lubricant 
^^Dhe same apparently magical change may be effected in the 
^^Btn engine. High speed, it has been truly observeil by an 
^^Kient engineer, is entirely a question of construction. The 
^^Bnal features of the constructiou which it requires may be enm- 

nBiu«d as follows : A direct-acting self-contained form of engine ; 

the avoidance of overhanging strains ; tigidily oE tottv ft\n *a!«LWv- 
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ary and moving parts ; balancitig of the revolving parts, and in 
horiKintttl engines of the reciprocating parts also, and in til 
bearings a sufficient extent of hardened surface and tmth of form. 
If these requirements are fully cninplied with the speed becomes 
a niatl«r of entire indifference, and even a tolerable observance of 
tliem euaurea excellent resnlta. The form uf engine beet adaptd 
to meet all these conditions is the inverted vertical cylinder engiin. 
In this engine the cylinder is supported frnia the baseplate equallf 
on each side of the centre line, and ia free to expand and con- 
tract with changes of temperature. Absolute rigidity may lie 
given to tlie whole construction, while the baseplate is well adapted 
to carry double crank bearings, the employment of which renden 
the action exactly central On these accounts, aa well as ior 
other reasons to be mentioned presently, this form of engine 
seems preferable in cases where the very highest speeds are tn 
be emjilnjed, but fur ordinary purposes the horizontal will pro- 
bably he always the favourite style. In this engine, as shown in 
the illustrations, the only connection between the cylinder auii 
the hearing of the shaft is heluw the centre line, and, therefui^ 
the driving foroe has a tendency to deflect the bed vertically. 
This strain ia, however, rendered harinlesa by giving to the bed 
great depth, and bringing the centre line close to its sur&ce. 
Again, a single crank is employed, involving an overbaii^Dg 
action, which tends to defect tbe bed horizontally, and also tu 
spring the shuft between its bearings. This action is, howevw, 
reduced to a minimum by making the centre Une to overhang the 
bearing as little as possible coasistently with the great atcengtii 
required at that point, and the bed is made of suitable form, and 
the shaft of sufficient strength to enable iLem to oppose to it tn 
absolutely rigid resistance. The form of bed and size of shaft 
re;juired for this purpose are ao desirable also on other Bccoanti^ 
that the fact that the action of the engine is resisted on only 
two sides of the centre line, instead of all sides equally, seems to 
be practically unobjectionable. It is found, however, that a lung 
stroke is incompatible with rigidity, and for this reason, and also 
because both rapid reciprocation with heavy reciprocating parts 
and rapid revolution are, for the reasons already explained, highly 
conducive tn smoothness and uniformity of motion, these enginea, 
especially the larger sizes, arc made of shorter stroke than tiai 
been asm! hitherto in str .rao&sa. ^. 



The cylinder is bolted to tiie end of the bed, and left free to 
move by expansion. It thus retains its parallelism, when hot, 
sufficiently to enable a deep piston to be employed, pregenting a 
lai^ extent of surface. Thia is made tight by two of Kamsbot- 
tom'g packing rings. These cjlindera wear perfectly smooth ; not 
one is believed ever to have been scratched, and the wear is ao 
insendble, that it is intended to try the experiment of packing 
the pistons simply by grooves interrupting the passage of the 
steam, which are expected at high speed, and with expansive 
working, to prove quite aufficieiit. The idea, once universal, 
and still so prevalent, that horizontal cylinders mudt st high 
ppeeJ he soon destroyed i8 seen to be quite unfounded. The 
various causes which produce wear in cylinders, and which are 
often as active in vertical cylinders as in horizontal ones, need 
only to be understood and avoided to ensure the highest durability 
at any speed. In this respect, as in all others, it is not the speed 
which does the nuBchief ; it is bad construction, the injurious 
effect of which becomes aggravated at high speed, but which it is 
perfectly easy to avoid altogether. The piston is fixed on the rod 
by shrinking merely, this being the most simple and secure mode 
of attachment. The rod is required to resist a force applied to 
press it out equal to a pressuru of 250 lb, on the square inch of 
piston when it is considtred safe. 

So far as the pressure of the steam is exerted through the 
reciprocating parts to overcome any resistance whatever, including 
that from their own friction, the action and reaction are equal, 
and the engine works in eqnilibrium; but the force exerted to 
overcome the inertia of these parts, considered as moving with- 
out resistance, prodnces a recoil precisely like the recoil of a gun. 
The force required for this purpose, increasing directly as the 
weight of these parts, and as the s-quare of their velocity, needs in 
a horizontal engine, except so far as it is resisted by the weight 
of the engine and its fouadation, to be counterbalanced precisely 
in the degree in which it has to be exerted, or in which the 
inertia of these parts operates to modify the distribution of pres- 
sure on the crank, as already explained. In a vertical engine 
no counterweight is required on this account, because the recoil 
nil prevented by the perfect resistance of the earth; but it is ne- 
^|B|Ui7 to balance the horizontal vibratloTi of ^Jax. vavixixcissn^v^ 
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horiitoDtal engines the cnunterbalanotng weigbt is placed 
the cmnk difc opposite to the pin. Ths stability of tha en- 
gine, when bolted to its foundution, is aacb, that at the speed of 
200 rcTolutions per minute a counterweight equal to aboot one- 
talf the weight of the rocipro eating parta ia found eufScieut to 
prevent Tibration. The least amount that will Buflic* diffeis 
with different eizes and speeds, and ia best ascertained bj espe^ 
iment. K the recoil was not partially resiated by the weight of 
the engine and foundation, the counterweight would need to be 
equal to the total weight of the reciprocating parts, and this 
weight ia actually required at v-ery great speed when the reaiat- 
snce of the engine and foundation heeomea of but little acconni 
Althongh the counterweight ia a revolving mass, its centriAj- 
gal foree is in counteraction with the force accelerating the reci- 
piooating parts of the engine at every point of the stroke, pre- 
iHsely as if it was being reciprocated in the contrary directioni^ 
only its force is e^ierted also in the same degree vertically, and in 
UiBSe directions it has, in counteraction with it, not only the 
weight of the large end of the connecting-rod, but it is incapable 
of producing a disturbing effect in these directions for the samt 
reason that a, vertical engine requires no counteTbalancing weight 
at all. 

sometiraes objected to the counterweight that it exerts 
an injurious effect npon the hearings ; but it is obvious, on fion- 
tideration, that there ia nothing in this objection, because, first, 
'ttie total strain of the counterweight, as employed in these engines, 
less than half that exerted by the driving force; and, secondly, 
its strain is exerted in the horizontal direction mainly to relieve 
the beaiiug from pressure, and in the vertical direction is fully 
one-half neutralised by the vibration of the connecting-rod, 

A horizontal engine cannot be perfectly balancod. Since the 
angular vibration of the connecting-rod occasions the great differ- 
already shown in the velocity of the piston at the opposite 
of the stroke, it follows that the correct counterweight will 
ibe insufficient when the crank is on one centre, and excessive 
the other. This, however, will not tend to produco 
ibration,. because the excess of force, although given by the 
interweight and the reciprocating parts alternately, ia constant 
one direction, and will, if the engine is unsecured, give to it 
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an unifonn motion in the Jireirtion oppoeite to tlie crank, as has 
been practically demonatrateiL 

For the same reasou, also, the forc« required to give motion to 
the reciprocating parts ia much the greater in the end of the cyl- 
inder furthest from tlie crank. In the engine now beiug de- 
Boribed, for example, this force would, if equal at each end, be 37 
lb. on the square inch of piston, aa already explained, but in fact 
it ia in the one end 67 lb., and in the other end only IT'S lb. 
<in the square inch, this being the proportion that the decinuiU 
■0001777 and -0001269, which are the coeflicienta of the actual 
motion of the piston for the first 1". on the opposite strokes, bear 
respectively to the decimal "0001523, the versed sine of 1°. In 
honEontal engines it is difficult to compensate this inequality ; 
bnt in inverted vertical engines, iit high speed, the tendency ia to 
equalize these forces in a very Ijeautiful manner. The greater 
veioeity of the reciprocating parts is at the opper end of the 
stroke, and their gravity assists both in imparting and arresting 
this velocity. Their lesser velocity is at the lower end of the 
stroke, and this the steam imparts against the action of gravity, 
llms, by employing a speed at which the initial acceleration on 
the down stroke, minus the aeoeleratioti of grai-ity, is equal to 
that on the up stroke, plus the retardation of gravity, the force of 
tho steam required to put the reciprocating parts in motion at the 
commencement of each stroke will be the same. This will be the 
case when the speed is such that the mean of the initial accelera- 
tions on both strokes bears the same proportion to tho accelera- 
tion of gravity that the length of the connecting-rod bears to 
that of the crank." 

41, T/i4 Inditator aa a Fixture to the Steam Engine. — "The 
steam engine indicator has received occasional notices in our col- 
amns, in which its construotiou aad operation have been described, 
aud its uses partially enumerated. We have shown that it givei 
exact information of the working of the valves, the admission, 
expansion, and pressure of the steam, its action at all parts of the 
stroke, transferring these points to paper and forming a diagram 
which is a basis of the calculations to ascertain the force expended 
and the power exerted. 

Bnt there are other offices and uses of the indicator. By it the 
relative value of the litbricatita need can be aa(»i:ta.ia«l, ad t\v& 
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oet mode of applying them ; the amount of steam required tn 
I *ork the attached machinery as compared with the work done, 
consequeatly the eaving that can bu made in changing machinei; 
to do the same work. Another i.-nportant ofBce of the indicator 
is to compare the power developed with the amount of fuel used. 
This is a chock upon the uareleasness of the fireman or of the en- 
gineer ; for if it is known that on engine can be run with an 
expenditure of two and a-half or three pounds of coal per hour 
for each horse power on one day, there can exist no reason, except 
careleasnesa or heedlessnesa, wby, other things being equal, it 
should not do the same on another day. It also determines tbg 
quality of the fuel. Suppose the last invoice of coal gave odb 
horse power for every two and a half pounds consumed per lioar. 
On one day four thousand pounds are used, but on another day, 
four thousand five humired pounds. The indicator shows on 
both days the same amount of power cserted and that the engine 
is in the same condition. Then the question is narrowed down 
to the neglect or carelessness of engineer or fireman, or to a dif- 
ference in the quality of the coal. If on weighing the ashea and 
clinkers, it be seen that on one day they exceeded in amount 
those made on the other day, it would be plain that the difference 
in results arose from difference in the quality of the fuel. The 
incombustible portion of anthracite coal varies from six per cent 
to thirty per cent. The proof of its quality cnn be determined 
in no way so well as by the indicator combined with the scales. 
Every engine — all large engines — should have a pair of indi- 
cators permanently attached, and an engineer should be employed 
who can intelligently use tbcm. A pair of diagrams should be 
taken twice a-day, say at 9 p.m. and 3 p.m. Lot every pound of 
cool be wt^ighed, and also the ashes and clinkers, and a tabular 
■ statement of these facts and the results of the indicator diagmmc 
be made out daily on blanks furnished for the purpose, and a 
balance struck each week. Thus the proprietor will know at A 
^.glance the condition of his engine, the efficiency of his machinery, 
lad tlie value of his fuel — in fact the cost of all his expenditure 
if power as compared with the work done. 

This may be objected to on ttie ground that few engineers can 
A found who can nee the indicator, and that some lirenien can- 
lot read the scale of the weighing machine. The objection re- 
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fiites itself: if inen are not oompctent to ])erforiu tbeae duties 
tlitsy are not competent enghieeia or firemen. The use of the in- 
dicator can be acquired by the study of such elementary books 
as ' Porter on the Indicator,' ' Paal Stillman's Treatise,' ' King's 
Notes on EngineeriDg,' ' Bourne's Handbook,' &c. By the aid of 
these and practice trith the implement any iatelligent en^eer 
can readily become an adept in ibe use of the indicator. 

Such education will tend to raise the etatns of mechanical en- 
gineers, reduce the cost of power, insure better work, and induce 
superior mechanics to adopt practical engineering as a vocation." — 
Scientific Ameriiran. 

42. T7ie best modes of Teding ilie Pmcer and Economy of 
Steam Engines. — The following is the first part of a paper read 
by Charles E. Emery, late of the U. S. Navy and IT. 8. Steam 
Expansion Experiments, before the Polytechnic brauch of the 
American Institute, Oct 22d, 1868: — ''It is unnecessary for us to 
do more than simply call attention to the extended usefulness of 
the steam engine. It is the only motor that has successfully 
competed with or supplanted the changeable and uncertain power 
derived from animal muscle and the natural forces of wind and 
water, and its varied adaptations and applications have brought 
it into general use thniughout the civilized world — uot only in 
stupendous water works and manufactories, and in fumishing re- 
liable and rapid communication by laud and sea, but also in re- 
daeing the physical exertions of both sexes in the less grand but 
more important operations of the producing community in the 
I tfbreet, field, and farm house. 

Surely, then, the steam engine is not an experiment. Years 
made a success, and soon became a necessity ; and 

{withstanding the grand discoveries that have been made in 

wretical and practical science, tlie steam engine lias to this day 
1 unchanged in every important particular. The princi- 
■ sdvance has been in the perfection and general adoption of 

a simple high pressure engine. Many of the so-called improve- 

ints were mere variations in form and in the details of con- 
leactiDD, which often foiled to produce as economical results 
J'' older well tried mechanism. Nearly all the true improve- 
B have been in wockmansliip, and in adaptations and appli- 
X to various uses. A few of thii geneiaV ^t\i!Li;\'5\e& i«\a^ 
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V%lflneitoe the economy of tlio st«ani engioe have long been knoirn ; 

' tnil our mftnnlacturers have, in very many caaea, claimed a supe- 
riority for thair engineB on accctunt of alleged escellenc* in the 
details of the valve gear,.or other mechanism, designed to secore 
the resttlta promised by theory — forgettiiig that theoretical pro- 
poaitions are of bttle value aniess all the conditions assumed are 
the same as those in practice, which is rarely the caae. It there- 
fore often happens that engines ^hich, in llie opinion of the edu- 
cated engioetir, possess many of the elements considered necefsaiy 
for economical working, do not have those elegant moving d«- 
tails which fix the attention of the amateur and delight the 
eye of the skilful mechanic. Buainesa men seek only to eell, 
and therefure push into chief importance aucb points as tbe par- 
chaser can see and understand. Statements are made also re- 
garding actual performance, but tbey cannot be considered im- 
partial, because the trials upon which they are founded are made 
by interested parties, with no competition present We have 
therefore to conclude that the purchaser of a steam engine baa 
to base his selection, almost exclusively, upon the excellence of 
eimple mechanical details ; and having done this, if the engine 
works well, and especially if it does better than the old neglected 
one, with its worn-out boilers, he is entirely self-autisfied, and 
ready to sign a recommend ation to the public of the engine which 
he has selected, thereby benefiting the manufacturer and flattering 
hie own vanity. But little true progress can be made in thia 
way, as each manufacturer and purchaser knows little more than 
the result of his own experience. 

To bring the steam engine to a high standard of efficiency, 
accurate comparative trials should be publicly made of every dif- 
ferent system of construction. Thia would he most satisfiictoryi 
if it could be done in the same place, doing the same work, under 
the same circumstances. This would require the erection of coatlj 
experimental fixtures, which cou.ld be done by private enterpriH, 
for expected gains, or by the combination of eeveral wndtliy 
manufacturers ; or, better still, by some acientiMc organiMtion. 
The majority of cases must, however, be reached, by trying ttie 
steam machinery in the aotual performance of the duty fbr which 
it has been purchased. We desire, then, in our present inquiry, 
to ascertain methods (ind means to test the power and eoonamf 
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of the steam engine, in a strictly scientific mnnfLer, which ehall 
be above criticiam, and also under the practical circumslanceR 
of every day use. 

We priJposB, first, to mention some oj the t-erms in general use 
oa tlie subject ; then to discuss tke nays and means employed t« 
measure the power and its cast; and afterwards to select proper 
unite of comparison, and point out the manner of tlieir practical 
applicatioa 

A steam engine is simply a heat engine. The heat evolved 
by the combustion of fuel is imparted in the boiler to water, 
separating and agitating its molecules, and thus forming steam. 
The steam ejcerta pressure, Taried according to its density, upon 
all sides of the vassela in which it is enclosed. This pressure or 
force is meaaured in pounds per square inch. The elastic force 
of the steam acting upon the engine piston produces motiou, 
which is measured in feet. The combined effects of force, acting 
through distance, produce mechanical work, which ia measured 
in foot pounds. The number of foot pounds which an engine is 
capable of developing in a given time, expreaaea the power of the 
engine. The unit of the power i- one-horae power, the value of 
which is conventionally fixed at 33,000 foot pounda per minute. 

In proportioning steam machiiieiy for any particular purpose, 
the firat thing to settle upon is the amount of power required ; 
and this being fixed in all caaes within certain limits, the prac- 
tical question is, to obtain a certain power at the least possible 

It has been eaid the power of an engine depends upon the 
work done in a given time ; and as work implies force and mo- 
tion, we must ascertain three things before we can calculate the 
power, namely, the mean force and the distance through wliich 
it ia exerted, also the time required for the movement. Having 
these, we first ascertain the distance moved per minute ; and 
this, multiplied by the mean farce, gives the number of foot 
|)'junda per minute, which, divided by 33.000, gives the horse 
jj'iwer. The distance through which the force in exerted is usually 
taleulatefl from the number of revolutions made per minute by 
the engine, which can be ascertained approximately by actual 
count, bat better by means of a register. The speed of the en- 
gine ia varied more or less by evOTj changei m \i\ia\'iB&, at v 
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pressure of aleam, even when, a governor ia used, for a change 
in speed must take place before the governor can operate. The 
Tariations are Buall, with seni^itive regulatora, but in a inajorit; 
of caeee would materially affect the result. The true plan, then, 
18 to attach a register to the engine, the indications of vrbich 
should be taken once en hour to check raistakea; and in the 
calculations, the revolutions per minute should be an average iot 
the whole time through which the trial extends. If the power 
ia to be calculated from the pressure on the piston, the piatoD 
movement ia also used and ascertained by multiplying tba le- 
volutions per minute by double the stroke of the engine, when 
the latter ia double acting. When the tension of a belt, or series 
of springs, is to be used in calculating the power, the movement 
of each must also be found, and may be calculated from ttie speed 
of the engine. It will thus be seen that two elements of the 
power are easily ascertained, namely, the time and the distance 
through which the force ia exerted. The mean driving force is 
difficult to obtain. There are two instruraenta in use for 
measuring this, namely, the indicator and dynamometer. These 
two names are used in this paper in a restricted sense, Ths 
tirst is applied only to the well known steam engine indicator 
and the latter to that form of dynamometer which ia used to 
measure the force transmitted by revolving wheels or shafts. 

It would be impossible, in the limits of this paper, to gin 
« detailed description of the indicator. We, therefore, will men- 
tion oHiy such features a^ are necessary to explain its mode of 
operation. The indicator is so constructed and attached th&t 
steam from the main cylinder pi'esseB upon one side of a small 
piston in the instrument, the atmospheric pressure being upon 
the othor side. To the indicator piston is attached a spring 
pencil, the latter arranged to mark on pajier. The pTfr 
dominating pressure on the indicator piston, whether of the 
steam or of the atmosphere, extends or compresses ths spring in 
proportion to the intensity of the pressure, and moves the pencil 
up and down on the paper. The paper is arran)jed on a drum, 
which is so connected that it hs^s a side motion corresponding to 
that of the engine piston. Consequ « the engine piston 

!, the paper is moved eiJevvayf ' preesure changet, 

ihe pencil is correspondingly naoi ■wn; so that the 
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r diagram traeed on the paper is a, combiciatiiiii of the 
f moTenienta, and should show the pressure at each and all 
of the stroke. The mean of a number of o 



1 diagmm repreaenta the mean pressure per square inch 

ton, which, mnltiplicd by the area of the piatou, gives 

f total force which produces the piston movement, from 

'le power may be calculated, as haa been before ex- 

The indicator is a beaiitifid instrument, of such 

t value to the steam engineer tliat it may be said to lie- 

B words that have been apoken in its praise. 

where it has hitherto bean considered prac- 

|Iy perfect, its iadicattous are of tlte most deceitful and unre- 

D character. It shows very perfectly whether the valves are 

/; and often, when applied to an engine which 

lorking improperly, a mere glance at the diagram will reveal 

aflifficulty and suggest the remeiiy. Large leaks in the valves 

iaton may also be detected in this way. The indicated 

e at the end of the stroke has very often been employeil 

Ktermine the quantity of steam used by the engine. Calcu- 

s founded on such a ba-fis are entirely worthless, as will bu 

ined when treating of the cust of the power. It has often 

Ik attempted, also, to calculate the friction from indicator fi-ic- 

1 diagrams; bnt the system is practically erroneous, as will 

Bplained hereafter. The indicator is chiefly employed, how- 

I to determine the power of au engine, it being supposed 

; the diagram shows correctly tlie pressure at all parts of 

Eatroke. Even this it fails to do under certain circumstances. 

I moving parts of the instrument must. have weight anil frie- 

is necessarily required to overcome the 

■r, and put the mass in motion. If, therefore, the pressnre be 

"' n^, the indicator will show less than it sliould; and when 

»uro is descending, the instrument will show more than 

i In either case, then, the length of the ordinates is in- 

g any change of pressure, whence the mean presattre 

1 is greater than actually existed in the cylinder. Until 

t ncently we supposed that these inaccuracies were too small 

i attention. Experiment has, however, proved 

mtrary." 

i, Sol'iT HmI — Eriegson'e Solar En;);ne.— C:B.'?WTO'5.'c\>»SKa, 
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til llie c«uteniual celebration of the University of Land, ii 
Sweden, laat spring, forwarded to that ancient institution essay 
relating to the sun, sliowing that perfect miiformity of the robi 
lioQ of the earth is incompatible with solar influence, and thii 
io\aT heat may be so employed as to furnish au infinite amoan 
of motive power fur practical purposes. As the first part of tb 
ea^ay does not bear directly on the subject under cunsideratioi 
I will pass over its contents, merely obseiv-ing that the pfailoM 
phical faculty of the Swedish University at the centennial celt 
bration albided to, coiifeiTud on Captain Ericsson the degree t 
Honorary Duccor of Philosophy. Defore presenting to the Teada 
uf the * Scientific American ' a translation uf tbe latter part c 
this essay, it will be proper to state that I have witnessed t]i 
operation of one of Ericsson's solar enginus to be actuated b 
atmospheric air heated by the direct intervention of concecttale 
xokr heat, and our mechanical readers will be surprised a 
bearing that the working piston of the model engine makes uj 
wards of 300 strokes per minute. 

The sinipUcity and moderate cost of tliu mfums deviseil I 
concentrate the solar heat are such that no practical difBcuItit 
present themselves to prevent the construction of solar engines < 
any desirable power. Much might be expected frmu the vers) 
tility of the constructor and bis extraordinary mechanical v 
source; yet the facility with which the radiant heat of the stt 
may be collected and concentrated from acres of surface by til 
means contrived, will alike surprise and interest the mecl^iuei 
and commercial cojnm unity. 

The following translation of the essential port of Captu 
Kricaaon's communication to tlie philosophical fi>culty of Lnni 
cannot fail to interest youi- readers ; — 

" I have, of late years, tipent much time and considerab) 
means on experiments to ascertain if the radiating heat of tb 
sun can be concentrated in such a manner as to render it aval 
able for the production of motive powi'r. 

Sir John Herschel's and Mr. Foullet'e experiments relating 1 
the radiating beat of the sun, although interesting, are not sat! 
factory, as they only deal wjtli low temperatures, showing bd 
much ice may be melted, or what elevation of temperature 
water under the boiling poin.t ma^ lie oSeftWL w s. ^ven time ( 
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a given surfai*. The purposo of my inveatigatioiis and experi- 
ments, on the other hand, has been to ascertain w]int araouut of 
heat can be developed at the high temperature obtained by Ron- 
centrating the Bolar raya, viz., bringing their power to bear on a 
reduced surrace, and tu devise the most efficient tneaue fur eSect- 
iiig such a concentration of the radiating heat. Apart from those 
preparatrry experiments, I have also, at the commencement of 
the present year, constructed thrte different motors whicli I term 
Solar Engines. One of these is actuated by steam formed by the 
concentration of the heat oi the aolar raya, while the other two are 
actuated by the expansive force af atmospheric air heated directly 
by coucentrated radiant heat. Time will not permit, nor is it my 
purpoae on the present occasion, to present a dedcriptiou of these 
solar engines or the means adopted for concentrating the radiant 
beat in order to obtain the necessary high temperature. I will 
therefore limit my essay to the consideration of the essential part 
of the subject, viz., the motive force itself With regard to thia, 
I have briefly to state that my eKperiments show that, at the high 
lemperatura requisite for HtBam engines and caloric eDginea, the 
heating power of the sun on a surface 10 feet square will, although 
in ilne/f too feeble, evapomte, on an average, 489 cubic inches of 
water in the hour, by means of my mechanical contrivance for 
etfL'cting the necessary concentration. The importance of this 
ri'sult cannot be overestimated, when we rellect that such an 
amount of evaporation demonstrates the presence of siifReient 
heat to develop a force capable of lifting 35,000 pounds one foot 
high iu a minute, thus exceeding one horse power. As an in- 
eontrovertihle evidence of the capability of the sun to develop 
a great amount of beat at high temperatures, this result is pro- 
bably of gre-ater importance than any other physical truth praeti- 
r:iiUy established 

The mean distance from the centre of the sun to tlie earth 
being 214'44 times greater than the radius of the former, it will 
tie found by squaring this sum, that one superficial foot of tbe 
jun'a surface must heat 45,984 saperficial feet of the earth. In 
other words, the sun, on an equal surfiice, throws oif 45,981 times 
tijore heat than the earth receives. We are therefore enabled, on 
t}ie strength of the practical result now positively established, to 
infer that an area of 10 feet equara on the sun'a aut^atfe i 
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■keat enougii to actuate a steam Engine, — not a iheoretioal o 

K^th it« small consumption, hut a real steam engine of 45,9: 

^Aorse power, demandiog a consumption of more than 100,000 

vpnuniU of coa! every hour. Diit this estimate, hascd on the 

K|XH^tion elFected by tlie concentrated radiated heat, is far beluvr 

■'the actual development of beat hy the suti. Fully one half of 

wlhe heat c<]iiveyod by the solar rays ia lost during their pasaige 

ft throngh the atmosphere and through the apparatus by which tiiB 

■.^mperature ia elevated to the necessary bigh degree. The actml 

ft development of beat, on tbe supposed 10 feet square of the SUT- 

■'^e of the sun, will therefore equal the amount of heat generated 

Pliy the consumption of 200,000 pounds of coal per hour. T 

mind cannot conceive tbe intensity which must accompany si 

an inordinate consumption in so small a space. Still leas can 

form nn idea of the nature of the ombnatihles or their siifBcienoft 

when such an intense heat is per^ietually kept up on the enttn 

surface of a globe the diameter cif which is mure than a hnndreil 

times greater than that of the earth. Eut it is not my intention 

on this occasion to lay before the philosophical faculty my Efecn- 

latinns regarding the properties of this wonderful orb ; I I»M 

l,6oly designed to discuss the question as to the sufficiency of tb« 

{isitdiant heat nntwithstaniling the eiiormnus distance, and the u: 

a make of it ns a mechanical motor. The result of my tt 

;nts, as already stated, having established the fact that with- 

\ inconvenient extension of tbe mechanism which I havB 

'fievised for coueentratiiig the radiant heat, sufficient power 

' be obtained for practical purposes, it will now be proper to point 

out wliat amount of mechanical power may be obtained by 

occnpying a Swedish square mile with solar engines. Asannu 

that one-half of the area ia set aside for necessary roads, hotww^ 

L&c, an available area would remain of 18.000 x 36,000 = 

■£48,000,000 superficial feet on which the radiant heat might 

■be concentrated. My several experiment* having shown tbtt- 

Mfae conoentrntion of the solar heat on 100 square feet of snrfaeo 

lib mom than sufficient to develop a hnr;je power, it follows tlirt 

■184,800 engines, eacli of 100 horse power, may be kept in mii- 

Btion by tbe radiant heat of llie f^uii on a Swedisli square njjla. 

^ Archimedes enthusiastically exclaimed that his favoutite ils- 

Rjce^ the Jevpr, had power enouttK to heaietba earth out of itepBlh. 



B truly Baid, tliat tliu concuutt^tioti of tbe radiant 
lii.'ut iif tiie san fni'ui^lies sufficient furcu ti> slop the earth in its 

1 caunut omit adverting to the inaigDilicauce of the dynamic 
i-iiurgy which the entire exhaujitiou of our coal-fielda would piii- 
■ l^ice, compared with the incalculable amount of furee at our oom- 
i.iiiil if we avail ourselves of the concentrated heat of the solar 
;iIiatioii. Ali'eady Eiigliiihmen'havu estimated the near approach 
' t the time when the supply of coal will eud, although their mines, 
sii to speak, have just been openeil. A coujde of thousand years, 
dropt in the ocean o£ time, will cumpletely exhaust the coal fields 
of Europe, uuless, in the meantime, tlie heat of the sun be em- 
I'loyed. It is true that the solar heat is often prevented from 
it^achiug the earth. On the otiier hand, the skilful eugiueer 
liniiws many ways of laying up a. supply when the sky is cleat 
iiud that great store house is opened where the fuel may he oli- 
taiiied free tif cost aud traiis]iortation. At the Kime time a great 
portiuii of our planet euj'oj-a perpetual sunshine. The iiclii. there- 
fore, awaitiug tlie application of the solar engine is almost beyond 
computation, while tlie sirarce of its power is boundless. 

Enough, I trust, has been sui-d to enable the [ihilosopliieal 
fiiculty to judge of the imparlance of the subji^ct ; but who can 
foi'esee what influence an ineshauiitihie motive power w " 
on civilizatiuu and the capability af the earth to supply tlie wai 



DIVISION SEVENTH. 

LOCOMOTIVE EfTGlNKS. 

44. The Bugie Sijelem. — "We take the following paper from 
'Engineering,' under date April 7th. 1868: — "Adams, in Lis 
■English Pleasure Ganioges,' gives us the history of coaches, 
which, curiously, appear to have been of Hungai'ian invention, 
unJ lie tells us how Walter Kippon, u famous craftsman in his 
d.iy, made a coach, nearly three liundred years ago, fur the Eurl 
of Rutland, and another for Queen Mary. 'W\ie\.Vct \.\\e ■k.<i\\\\'{, 
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tetaple which he constructed fur her aangninary majesty it»d I 
rort;-li>ck history snyeth not ; but there can be no doubt lliiit Uiii 
really elegant expedient for fecilitating turning and easing traoti-)! 
on ainuoua roada is of very respectable antiquity. If out cottchrt 
wagons, omnibuses, and all our other quadrirotal vehicles were mail 
without it, we should soon have, if not a rebellion of horee-tlesli 
at least ao equine protest qaita intelligible to the driver, ot th 
' Jarvey.' Were a Long-aens coach-builder to try the experinwn 
with hia cnstomens he wonlil soon discover evidences of tripi 
scapula, or in plain English, cold shoulder, in his coah-book. 

A railway carriage is not intended to turn as sharp corners ■ 
a coiich, but the former, in turning, has the disadvantage that it 
wheels are fixed to its a^les. When railways came io, howevn 
there was to be no turning, except upon turn-tables. The line 
were laid out practically straight, but ' practically ' is one of th 
moat elastic terms in the language, and it covew an amount c 
mechanical sinning almost bejond belio£ Unlike the coach, th 
railway carriage runs, virtuallv, in a groove, with an insigniScaii 
amount of lateral play, and its wheel base may vary from 9 ft. t 
1 6 ft. or more, and instead o£ a quarter of a tun on a wheel, aom 
of our engine driving-wheela ate loaded to seven, and a. few I 
eight, tona These we drive round curves of from ten to twent; 
chains radius — once in a wbile romid curves as short as fiv 
chains — and yet we never employ perch-bolts tor the cartiagH 
and but seldom for the engines. 

William Chapman, of Newcastle, worked a railway wagon, witl 
a bogie at one end, more than fifty years ago, and the late Mc 
Robert Stephenson once mentioned to ua that he recommendei 
the bogie to a deputation of American railway engineers, Uessis 
Macneill, Whistler, and Knight, who visited him at Newcastle 
about 1830, with inference to the character of the rolling sImIi 
to be employed for the Baltimore and Ohi."' Railway, a line Umi 
laid out with six-chain curves. The Americans adopteil the bogil 
almost immediately afterwards, both for engines and carriagei^ 
and there is no doubt that its use has greatly contributed to thi 
successful results which their lines have achieved The littb 
outside-cylinder engines sent from Philadelphia to the Birming 
I and Gloucester Railway had bogies, and engines wete madi 
at N^eath Abbvy, in 1838, for the Bhimuey Company, in whic] 



two groups of coupled bogie wheels, or eight wheels in nil, wcn- 
liriven by gearing from the crank shaft. Sir Daniel (then Mr.) 
Gooch not long afterwapila adopted the bogie for the South DeToii 
enginea, and it is now found on mnny of the Great Western am! 
Brietol and Exeter engines. The four pivoting wheels servinj; 
in place of the onlinary leading wheels. With its successful use 
I nn the !North London, Great Iforth of Scotland, Stockton and 
Darlington, Great Eastern, and Metropolitan Kailwaya, moat rail- 
way engineers are now familiar. On at least the two Urat ami 
the last-named lines it is regarded as indispensable. It distri- 
butes the weight of its load upon four instead of two wheels, and 
in the engines of the Metropolitan and North London lines, the 
weight on the bogie is 12 tons. Were a single pair of leading 
wheels used, they would require to be placed sufficiently behind 
tlie anjoke box to clear the cylinders, and would thus bear an 
even larger proportion of the total weight. The bogie, pivoteii 
under the centre of the smoke box, gives a longer and steailier 
wheel base, and the freely radiating action of the bogie tales 
renders tiiis longer base much easier on curves than a shorter but 
rigidly rectangular group. When our ordinary types of engine 
.*nd tender were sent to the Grand Ti'unk Railway of Canada, 
they could not face the competition of the bogie as fitted to 
engines, on the same line, built in the States, and so the leading 
wheels were taken out and bogies put in. Mr. Watkin, M P., 
wlio managed the Grand Trunk for a time, mentioned, in his 
address to the shareholders in 1862, that the substitution of 
bogies under the four-wheel and six-wheel tenders on that line 
had greatly lessened the breaking of rails during the previous 
winter; and Captain DouglEis Galton, in an official report made, 
nearly twelve years ago, to the Eoanl of Tra<le, stated that the 
bogie rolling stock of the American lines would go safely when; 
our own would jump the rails. We lately iiluatrated the Russian 
imperial carriage on the Nicolai Railway, a carriage nearly 90 ft. 
in total length, yet supported only on end bogies with eight 
wheels in each, or sixteen in all. Six-wheel bogies are exten- 
sively employed under long passenger carriages in the States, and 
a few have been made — and among them one for the Viceroy of 
E^ypt — which had bogies upon Iragies, each end of the carriage 
having a pivoting under frame beneath it, vrMle, \a tmu, itsR\\ 
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)iiJ of ihiise frames rested upon a pivoting four-wlieel bogie, 
niakiiig bixteeo wlioels in alL TLis, however, u n Leavy com 
gilitateil arraugemuiit, uut to be rei^ummended. 

On the American lines every wheel of every carriage, a 
almost always of uvery wagon, has its brake-shoe. On Ihii 
lialtiiuore and Oliio liailway there are continuous inclines of I 
in i5i from eight to eleven miliis in length, and on these, vhem 
tlje hmkes have to be often applied, iliu bogies work perfectly, 
and that around ntne-cliaiii curves. It haa beeu objected hj 
locomotive engineers wlio have not had opportunities of o1>servii]g 
the practical working of br>gies, that they could hardly be steady 
aud safe when, fitted with brakes, these were applied on : 
inclines. So far from tliia, bogie tenders, carriages, and wagUDS 
have been safely worked, for periods of from six mouths to two 
or three years, on temporary inclines of from linlOtoli 
in Maryland. Virginia, and Drazil, and that whui'e the b[ake*was 
applied to every wheel in deaccndiug. 

Xlie motion of the long bogie carriagtis is almost like that of' 
sailing. The momentary eliock caused by any given inequality 
directly affects but one-eiglitli of the whole weight, and b 
this shock reaches the body of the carriage it is not only sotteusd' 
by tlie springs, but divided between at least two wheels, so tb 
really the shock which does reach the body of tltu carriage, ev 
were there no springs, ia that due to but one-sixteenth of t 
total weight, and tliia again is distributed over a length of fram^ 
ing of [lerliaps 30 ft, or oven 45 ft Even where the wheel li 
is S5 ft. or more, tlie axles radiate almost exactly to ten-chaiD 
curves. As to ease of traction, we have had in our own practice 
tlie most indubitable proofs that lung trains of bogie wagons have 
run, at slow speeds, with a total resistance iiot eitceeding a 
poiiuds per ton. Indeed, they run with leea resistance, aud th 
require less power, than rolling-stock with rigidly rsctangulai 
wheel bases, just as an onliuary loui'-wheel road vehicle with 1 
fore-lock runs lighter than ooe without it. Even without thii 
advautagM, the distribution or greater subdivision of weight, radia- 
tion of axles to curves, and the facility which the bogie aCTorda 
for long steadily running engines and carriages, render it superior, 
u prautieallj straight lined, to iLe ordiusiy arrangement of 
■'Tunning gear. 
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I'lie iudiaputablii advantiiges of Ihi; bogii? wuuld be even betti;i' 
si-curud by its appUcatioD, nut inenplj- to tbe leading, but also tu 
tbe driving wheels of locO[itotivu& This waa dune, in a rough 
way, thirty j-iiars ago at Neath, and it is worthy of note that an 
engine of recent and greatly diffurent construction, yet having 
double bogies of coupled driving wheels, is now working with 
eXL-e1!ont success, out of Neath, on the NL'ath and Breoou Railway. 
We refer to the engine designed by and built for Mr. Fairlie, who 
lius done BO much to bring tlic merits of bugie tocomutivea befijii' 
the profession and the nianagerti of mihvaya. The double bogie 
litigine, with a boiler of double length, having its firebos at the 
middle of its length, and having also four cylinders with their 
ilependent working parts, is somewhat complicated, but its whulu 
weight is utilised fur adhesion, and the weight is equally distri- 
buted upon eight wheels, or, in other engines upon this jilan, 
ii|Kin twelve. The woiglit upou the rail ut any given point i^ 
thus kept down to 3. 4, or at most 5 tons, according to the 
number of whi:els and tlie total weight. The engine is remark- 
ably steady at all speed, Captain Tyler, wiio has recommended 
engines of the same class for the Grand Trunk Railway of Canada, 
having compared its motion, around quiuk curves, to sailing. Yet 
ttie unwillingness of certain locomotive engineers to oven examine 
the working of this engine is remarkable, and almost inci'edible 
instauces might be citeil of the discourtesy of certain of the 
English jurors, at the Paris Exhibition, wlio were invited to 
examine Mr. Fairhe's model there. But fur the timely and ener- 
getic interposition of M. Flatchat, a gentleman of the highest 
emineQci; in the profession iu France, the model would have been 
passed by nnuuticed. It is certain that the employment of lung 
engines, which, having bogies eacli of short-wheel basi', are never- 
theless very steady, and which weigh hut fnim 3J to 4i tons on 
a wheeL would very greatly lessen the present licavy wear of 
id tires, and this great reform is so mucli needed, that 
every iucomotive engineer is morally bouu.l, in tlje best interests 
"'Ilia profession, to give the whule subject the must unprejudiced 
dispassionate consideration." 

48. Thompson'^ Eoad Steamer. — The fuUowiug, from a paper 
road before the Ijritisli Association at Norwich by Professor 
Archer of Edinburgh, describes a new Iractiau e>a^\u% '^Vv^ \& 
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attracting at present much attention. " This road steamer has 
wheels maiie of a material wliich at first sight does not luo 
very likely subBtunce to stwul the heavy work they are suljjecteii 
to. The tires ate made of banila of vulcanised india-rubber about 
12 in. wide, and 5 in. thick. Incredible aa it may uppear, t 
soft anil elastic substance not only carricn the great weight of the 
road steamer without injury, but they pass over newly broien 
road metal, broken fliots, and &U kinds of sharp thinge, witlioDt 
even leaving a mark on the india-rubber. They do not ainlc 
into the mad in the least degree. They pasa over atones lying 
on the surface without crushing them. Those soft and eWtic 
tires resemble in some degree the feet of an elephant. Both the 
camel and elephant have very large soft cushions in hard hoor^ 
and no other animal can stand so much walking over bard roaiJs 
as they can accomplish. 

The power required to propel the road steamer is very mnci 
less than what would he required if the tires were hard and rigid. 
They do not crush ncff sink into the roadway. The machine, k 
it were, fioats along on the india-rubber, and all the power used 
in crushing anrl grinding the stones under rigid tires ia entirely 
saved. It might at tirst sight be supposed tliat it would take a 
great deal of power to propel a heavy carriage on soft tires ; but 
if the tires aro elastic as well as soft, the power used in cumpittt- 
ing the tire in front of the wheel ia nearly all given back as the 
elastic tire espan<t3 behind the wheel 

The india-rnhber tires require scarcely any more power to jiio- 
pel them over soft bad roads nr over loose gravel roads than on 
the beat paved streets. The reason of this is quite obvious; they 
do not sink into roads, and do not grind down the stones in ti« 
least degree. 

Trials have been made at Letth by running the road steamer 
across a soft grass field, in which an ordinary steam carri^ 
would certainly have sunk. The way it ran through the grass, 
without even leaving a track, was very remarkable; but wher 
made for a part of the field which had just been covered witi 
loose earth to the depth of one or two feet, and ran strmghl 
across, and then back through the deep soft soil, the surprise of 
those present was great indeed. The weight of the road stes 

between four and five tons; and yet the wheels in passing 



over the Inoae earth compressed it so little that n walking-stick 
ciniM easily bo pushed clown in th« track of the wheels without 
any exertioa It b quite clear that one nf the great difticultiea far- 
mers have had to contend with in using steam engines fur ploughing 
is now removed, for tlie road steamer will run through any field, 
even when newly ploughed, without any difficulty. After various 
evolutions, showing the ahihty of the road steamer to run ahiiut 
where there were no roads, it passed out into the street, and, 
taking a large omnibus full of passeogers in tow, it proceeded up 
the Bonnington-road to Messrs. Gibson and "Walker's mills, where 
it took H large waggon, weighing with its load of Sour about ten 
tons, np a steep lane full of holes and ruts and rising with a gra- 
dient of 1 in 20. It was obvious that the road steamer was 
able to do a great deal more than it had to do in this trial. 
The bite on the road is something marvellous, and the easy way 
in which it floated along on its soft and elastic tires was very 
curious. When riding on the road steamer the feeling is like 
what would be experienced in drivijig over a smooth soft grass 
lawn. There is absolutely no jarring at all. Thus the machin- 
ery is spared the severe trials arising from the blows and jolts to 
which it is subjected when mounted on common wheels. There 
is, incredible as it may appear, no appearance of wear nn the 
india-rubber turea. The original surface which the rubber had 
when it left the manufactory is still visible. 

The steamer which was the subject of the experiments had 
another specialty besides the wheels. It was fitted with a ver- 
tical boiler, which ia one of the mo^st economical steam generators 
jet produced. Externally the boiler looks very much like others 
of vertical construction; but internally it is entirely diiferent. 
A glance at a sectional drawing of it will make its advantages 
apparent to practical men. Its powers may be illustrated by 
giving the result of a stries of trials made in contrast with a com- 
mon lociimotive boiler, and an upright boiler of the ordinary 
kind. The latter evaporated 3"66 lb. of water for each pound of 
inferior Scotch coal hurned; the locomotive boiler 4*13 lb. of 
water for each pound of coal; and the new boiler 4-68 Ih. of 
water for a hke expenditure of fuel In contrasting the heat- 
ing surface the now boiler had a still greater superiority. With 
fi3 ft. of heating surface it evaporated 16^ cvibit Seet ol ^alax 



ESGINEEBIHG FACTS. [Dit. VIL 

I per liour. Tlie euminDn vertical boiler, with 73 ft. of Bur&ce, 

faporatcU H ciiljic feet of water per hour; and the locomotiTe 
r, wilh 137 ft, of beatii]<; aurfaoe, evaporated 15 il. of water 
pet hour. This shows tlie nuw boiler to possess a. very decided 
advantage. 

' The tractive powers of the machine have siirpaased all exp«' 
tatiou. It was constructed to drag an omnibus, weigbitig, with, 
its load of Bay thirty paasengers, about four tona^ on a lerel road, 
but its powers are no greatly in excess of this task, that no load 
yet placed behind it has fully tested its power. An ojipurtuuitj 
wuc' offered which was coofiilently expected would sh<iiv tljn 
limits of its capabilities. A huge steam boiler, weighing witli 
its truck between twehe and thirteen tons, had to be dragged u|i 
a hill rising 1 in 12, Tlie little road steamer was chained tu 
I the truck, and steadily drew the great boiler to the top of the hill, 
I the india-rubber wheels biting the ground iu the most perfect 
I inauner; there was not the least sign of slipjiing. The boiltr 
f was drawn from the works of Messrs, Hawthorn and Cotnjuuy 
I along the Junction-road, and then up the hilly Bonnington-toad, 
I to (lie flour milla of Messrs. Gibboii and WulkL-r. Iu ite ptu- 
I ,gress the road steamer had to draw its great load over all kinds 
1 of road. Nothing seemed to affect the bite of tiio india-rubber 
I tires. The toad was so slippery from the frost that hnrsea hid 
k the greatest difficulty iu ki'epiDi; on their legs, but no diffiealty 
I was found in going over the gltized eur&ce with the indiu rubW 
I wheels. India-inibber docs not slip even on ice, as may l>e eauly 
I ascertained by trying to slide ia a pair of india-rubber goloshes. 
A number of trials have just been completed with a jiowerfiil 
I toad steamer which has been constructed for liauling waggons 
t loaded with coffee over the hilly roads in the islxud of Ceyloii. 
This road steamer has two cylinders, each 7J in, diameter by 10 
in, stroke, and a vertical "pot" boiler 3 R. diameter, by 7 J ft, 
high. Ttie oiigino is arranged by means of spur gearing to make 
either six or fifteen revolutions, as may be desited, for each tevo- 

Ilutiou of the driving wheels. This road steamer weighs, witb 
water and coal for two hours' work, about 8J tons. It was in- 
tended to haul twelve tons gross weight up gradients of 1 in 16, 
It was found on trial that it was capable of doing n great deal 
more than the stipulated amoutit of vock. It waa first tested bj 
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giiing lip a vpry croolied nnO. steep strept in Eliii'htii'gh, vi/., 
Cock burn-street, with a waggon in tow weighing 2| tons. This 
street rises with a gradient in Gome plnces of 1 in 8, but the rooil 
st«amet went U|J with the greatest eaao. 

The next trial was of a very severe kiniL Fmir heavy waggons, 
conatmcted to cnrry 5J tons of coals each, were attached to the 
riiaJ steamer. Each lyaggon weiglieJ when empty 2^ tons. 
With this train in tnw the rnad stpamer ran from Leith to New 
Battk Collieries, a distance of about eleven miles. The waggons 
were then loaded with 6^ tons of coals each, anil the road steamer 
ilrew the whole foni' from New Battle to Leith, over mads with 
}»rTwlipnt3 rising 1 in 16 in several places. The total weight of 
coals was twenty-one tons; if to thia the weight of the four 
waggons is added it mnkea a gross weight of thirty-two tons, and 
inclii'Iing the weight of the road steamer the weight of the whole 
tmin was upwards nf forty tons. "With this train of 90 fc long 
no flitficnlty was found in passing through the most crowded 
streets of Edinlini'gh and Lcith in the middle of the day and in 
the midst of a great stream of ordinary traffic The india-rubber 
tires are durable beyiind all conception, and they are not in the 
least affected by either heat, cold, or moisture."' 

46. The Mont Cenis Evfiineg. — From two elaborate papers in 
the ' Engineer,' under date September 18th and 25th, 1868, we 
extract the following : — " The Mont Cenia engines have now been 
ji sufficient time at work tn enable a fair comparison to be drawn 
between their performance and that of ordinary locomotives. 
The weight nf the engine we illustrate, full, is twenty-one tons, 
ftn<l it is cBpahle in regular work of taking a train weighing 
thirty tons np an average gradient of 1 in 12, and round curves 
of two chains radius. A load of thirty tons appears at first sight 
a very small thing, whereas it in reality constitutes a very rc- 
mnrkftble perfonnance. The gross load moved, including the 
engine, is fifty-one tons. The resistance of gravity on a grade of 
1 in 12 is 1871b. per ton. The resistance of such a track as 
that over Mont Cents cannot be less than 8 lb. per ton, at eight 
miles per hour, the usual apeed. So that the total resistance to 
i, neglecting engine friction — which is obvionsly con- 
irable — must be 9,9i5 lb. Taking the resistance of an or- 
^aiy train on a hvel at 8 Jh. per ton, we &.i\i\ ftviA "A TwaA 
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'eigli 1,343 tfniR, in order that its reststiutce luay cqofil 
9,945 lb. So that the performance of the Moiit Cimii 
engine is equivalent to that of a gondi! engme of the heari- 
est closa hauling a train of about 1,310 tons on a level, 
Assuming the engine to curry its own coal and w»ter, as ihs 
Mont Cenia engine does, it would weigh about 43 tons, and iu 
load would be 1,200 tons ; but no 21-toii engine of the ordinary 
construction in existence will drawa load of 1,200 tons, eveu nn 
a dead level, with certainty. Tbe effect of the gradient of 1 in 
12 is to bring the resistance up to about twenty-four timea us 
much as that required on a level Jor gravity — 
187 IK + friction S lb. pe 



Sib. 






= 24-6, 



and therefore, by multiplying the loads actually drawn by tiie 
Mont Cenis engines by 24'6, we get their true performance m 
reduced to a level. The net loads, therefore, taken daily V 
these little 21-ton engines equal about 738 tons on an ordiutrj 
road; and when we call to mind the conditions of climate un- 
der wlitch tliefie eligiuea work, we believe most of our readen 
will agree with ua that they have so far not been excelled JQ gen- 
eral efficiency. 

We have said that no 21-ton engine, depending on its io- 
sistant weight alone for adhesion, will draw 1,200 tons with ce^ 
tuinty, and the truth of the pi^positiou is easily demonEtnted, 
31 tons are 47,010 lbs.; we cannot assume a greater co-efficie^ 
of adhesion than one-aixtb, and 



but the resistance of 1,200 tons at 8 lb. per ton is 9,600 H 
47.040 _ 
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a co-efflcient seldom if ever realized in thia or any other 
Thus, we see that by the aid of the mid-rail, a liijlit t 
can do the work of one double ita weight, because it enablw 
at all times to realize a co-efficient of more than one-fifth 
of the weight of the engine. Against this, of course, is to be 
'JUgeii the great complicatitm ot tt\e "EeU ewgpw, wid, as a 
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(luence of this complication, it is uiiadviaabk to atlopt the mid-rail 
system except on TQ17 steep graJien ts. It must not he forgotten, 
however, that the present Mont Cenis engines ore experimentai 
in the fullest eeuse of the term, nnd it is not right to suppose that 
the mid-rail syHtem is incapable of Bimphficatiaii, or that Mr, 
Fell'a engines may not be improved upon; on the contrary, tlie 
chances are strong that much of that complexity which now 
tells so heavily against the raid-rail system will ha greatly redueed. 
Whether it is or not, with Mr. !Fe1l and his staff remains the 
credit of having proved thiit lailways can not only be carried ovei' 
the steepest mountains, hut workeil with success by steam loco- 
motives. 

We do not propose here to enter uito any minute descrip- 
tion of the engines or thetr mode of working. They are so 
complicated in some respects, and the motion of the gear driving 
the horizontal wiieels is so peculiar, that pages of letterpress 
would absolutely fail to render them comprehensible. Little 
can be learned save from the drawings (see number of the ' En- 
gineer' for September IStli and 25tL, 1863), and these »re m 
clear that any engineer accustomed to read and use drawings 
cannot be at a loss. Nothing short of a model will render the 
action of the horizontal driving gear comprehensible, and we ad- 
vise those who feel much interested, 01 who wish to obtain 
information respecting a very neat motion, to construct models 
from our drawings, which may be very easily done. Off the 
mid-rail the action is not quite perfect, as the force is not 
communicated with strict regularity from the pistons, but on 
the mid-rail it leaves nothing to he desired as far as regards 
smoothness of action. 

The first matter claiming our attention is the arrangement l^n 
driving the horizontal wheels ; about that for driving the verti- 
cal wheels tliere is no room for doubt ; it has, we feel certain, been 
ruadily understood by all our readers. 

The plan of the raoveuicat of the horizontal wheels, and the 
transverse section through the horizontal levers and guides, will, 
we trust, render the working of the horizontal wheels intelligible. 
It will be seen that two flat beams pivot to the frames at 
either side. From the inner ends of these beams connecting- tods 
proceed to pins fixed in counter cranka as aUowo. TXviVtm- 
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Kintal wheels at either siile of the central rail are couplet] hy two 
riHls, ooly one of which i» ahonn in the plan, qb the others ue 
hiihlen by the main oonreoting-rod fiom the pieton-rod ci 
hesd, or omitted to avoid over-crowding the engraving It it 
iihvioDs that if the wheels at one side are caused to revnlve, 
the horizantal heam coupled to these will swing backward anil 
forward. If this beam is connected with its fellow, then thu 
ojipoRite pair of horizontal whpola muat move also. If any of 
our readers are in doubt on the point, we advise them to a 
aniine the drawing carefully, and sati'ify themselves that it it 
so before going further, 'fiie two levew nro coupled by a Terj 
neat arrsTigeraent, best Been in the transveree seciion throngh 
the levera and guides. A species of box or crossheud elides It 
guides. Through thia box, an-d between the guides, both leTPis 
work one above the other. A large pin is inserted in 
end of the box on which two links work, the slotted out 
end of each one'of which embraces one lever, and is secure>l to 
it by a pin passing through n suitable gun metal bush- The 
of osuillation of both levers is the same, and the counter 
■Branks art! disposed at th.it angle which ensures a eoinci- 
of dead and live points in the cranks at each aide of the 
initl-raiL 

In consequence of the extr:* weight thrown on the last p«ir 
of vertical drivers by the removal of the Lliinl pair of wheel 
first adopted against the express advice of Mr, Alexander, by 
whom the engines were designed throughout — it became necessarf 
to provide a second pair of bearings on the eliail. In an en^' 
so small and so crowded with machinery this was a difficult Tai>k, 
accomplished thus: a frame of angle iron was tised right acroffl 
the engine, close to the fire-bojc Into thia two heavy vertical 
screwed bars were fitted, the lower ends of which support can- 
brackets of solid wroiight-iron resting on helical springt 
iWpported in turn by the axle-boxes. The arrangement is shown 
front aectional elevation Just above the transven<e section 
ithroagh the horizontal levers and guides, already referred Ut, 
~ Lception may be taken to it on the gronnd that the line of 
itr.iin does not pass right through the axis of the vertical 
Nothing better could be done, however, and it is satis- 
iiietory to know that the. ni\-ivtiget(iP,»t n\ia«eca its intended pll^ 
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pose tborougldy well The weight carried oil each inner bearing 
is about 55 cwt. 

The tranaverse section of the engine requires no particular 

ileMfiption, It Bpeaka for itaelt It may be well here to state 

liiat a Braall pipe is introduced into the steam pipe, by which 

!:ttlu water can he injected frum the boiler to lubricate the 

I 'US when running down theiucline) the arrangement is fuund 

un^wuT very well In descending, the brake is used. Its 

^ .instruction will be understood at a glance. By causing the 

[su'tial revolution of tiie central vertical standard, the brakes al 

each side of the central rail are made to approach and giip the 

uiid-rail from opposite points. As a rule, these brakes are not 

much employed eScept when stopping, as the engine is kept in 

mid or forward gear when running down backwards, and the 

Mnsequeat compression of the air in the cylinders serves to re- 

iiird the machine in a way well understood by every one who 

liis driven a locomotive. 

It can hardly have Mled to strike our readers that the inid- 

~A\ may prevent the eidsteuce of level crosBiuga, but on such a 

!■ as that over Mont Cenia, where accommodation bridges are 

1> nown, it was impossible to dispense with them. The mid- 

.^itands up some distance above the track, too high to permit 

J use of any bridging sufficient to allow a cart to cross ; a gap 

idight be left at a crossing, but the expedient would prove dan- 

^'.'i'ljus, as, in ascending the steepest inclines, it is doubtful if the 

, impetus alone of the train would aulfiee to cajry it over the break. 

The diificalty baa been completely overcome by an arrangement 

'iwigned by Mr. Barnes, the resident engineer of the line. This 

urangemeut will be readily understood without much description. 

A section of the mid-rail, as long as the level crossing is wide, is 

mounted on levers, in such a manner that it rises and falls just 

» the npper blade of a parallel ruler may be made to rise and 

iill while the lower blade restd on a table, Counter weights are 

ptuvided to balance the moving portion of the rail, and the whole 

is actuated by a lever in the same way, and with aa much ease as 

«a ordinary pair of points. The moving rail is cut off square at 

,^ ibe down hill end, and tapered at the opposite extremity, so that 

ii'ii raised to. its place it huts fiiirly against the permanent por- 

ri uf the mid-rail, and is supported by it against the longitudi- 
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nal strain exerted by the draught of the engine. There ttro i 
thirty of these level crossings on the Mont Ceni« line, and 
work perfectly well, and give no trouble whatever. The mo 
rail sinks juat below the level of the timber platform 
the level crossing, and bo i.s completely out of the way of cai 
mules, or foot possengere, except when a train is passing. . . 

We believe that we have now described every featoie 
iraportanee connected with the locomotive sbick of the Ho 
Cenis Railway, and it only remains to add a few words as to 
working prospects in an engineering, ii' not a commercial sei 
It is obvious that no past experience can enable us to form I 
idea as to what the cost of locomotive repairs must he; i 
with auch engines they cannot fail to he heavy, no one anij 
stands better than Mr. Alexander, by whom they were 
A year's working will cast much light on this subject, 
and after all the repairs may not prove so costly as has been 
ticipated. It is much against the engines that they are too! 
in number for the traffic, and that as a consequence auffiiue 
time is not afforded for thoroughly overhauling them now ai 
then, and making small repairs in time. It does not appear til 
Messrs. Crampton and Brassey regard the ten standard enginea 
the best that can he produced, and Mr. Crampton is now deaig 
ing twelve othei-s of a somewhat different type. In these IJ 
mid-rail wheels will be driven by cast steel gearing, foar spar a 
two bevel wheels being used, we believe. We qnestion whetb 
gearing will be found to answer, and we think that most locon 
tive auperintendenta would prefer any system of coupling i« 
liowever complex. But it must not be fiirgotten that we faa 
DO experience in the application of gearing to locomotive wot 
and it may very well be that nothing but prejudice has stood 
the way of its adoption in many instances long since, B 
therefore, quite possible that Mr. Crampton may be right ial 
views and others wrong. Mr. Barnes, the resident engineer ■■ 
locomotive superintendent, pronounces in favour of Mr. Ah 
andet's engines, and suggeata that more of them should be h 
instead of trying the experiment of introducing a new type 
fact which speaks strongly in favour of Mr, Alexander's detigi 

Some engineers have asked why a mid-rail should be Died 
all, pointing out that even oa u\c\mii« rS u^i 



led engines can get up with a moderate loatl The answer 
;ry aimple. No engino of the samo weight as the Mont 
8 engines — 21 tons — oould get up the incline with 30 tons 
ad it without the mid-raii We have already shown tbat it 
ires a tractiTe effort equal to 1-4*9 of the weight of the 
ue to asc«iid with thia load, and Bucli a co-elBcient of ad- 
in could not reasonabty be calculated upon even in the finest 
,ber in the case of an ordinarj engine, while it is folly to ima- 

that it would be available in anowy or fo^y weather. 
itevcr an all-coupled engine migbt do on Mont Cenis iu 
mer, it would certainly be nselesa in winter, and these fiicts 
liae, we think, all the objections which have been brought 
nst the mid rail — in this far, that nothing else has been pro- 
d which would enable the line to be worked as it ia worked 
Every one connected with the enterprize is conyersant 
I the defects iulierent in the aystem ; but the advantages 
erred by the mid-rail so far appear to much more than cotn- 
late for them. 

t remains to be seen whether the best has been made of the 
-rail yet, and it is highly probable that important improvs- 
ts may be effected in the mode of its application. The whol^ 
ble hes in combining vertical with horizontal wheels, and it 

be found possible to dispense with these last. Thus, a 
el somewhat like Fowler's rope-dram in principle, might be 
jited on the centre of the crank shaft. Such a wheel would 

only at one point, and would leave the rail after the centre 

passed without the grinding inseparable from the grooved 
el BO often suggested. Mr. Alexander has proposed and 
nted the use of two vertical wheels, one at each side of the 
ral rail, gripping il: between their faces at a point close to 
r circumferences ; and there is reason to believe that notwitb- 
ding the grinding action that must take place, the simplicity 
ucb au expedient would compensate for it« defects. 
n conclusion, we may point out that the working of mountain 
s affords immense scope for the exercise of that ingenuity 
cb has always distinguished the profession ; and young en- 
ters lacking other employment could not do much better tha 
about improving on the ideas of Mr. Fell and all others ■wbo 
e tomed their attention to the HurmounUng oi alee^ ■ 
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DIVISION EIGHTH. 
MARINE ENGINES. 



47. Marine Euyine Improriement. — The following au^ 
jmper is from the pen of the Editor of ' Engineering,' under data 
Oct. 16, 1668: — " From the engine maker's point of view, anj 
change in the canatruction of marine engines may be ondeairabbi 
but to the steamship owner, proposing to build new ships, o( prt 
new engines into old ships, any improvement is of an impoi 
corresponding to what it may save, whether in first coat, re 
fnel, or attendance. Such imfirovement is also uf pec\itiar . 
est to & numerous and progressive class of engineers, maDuJ^tll^ 
ing and consulting, who like rather to look forward to the fiitait 
of steam navigation than to rest satisfied with the present Hut 
the machinery of steamships still rteedn improvement, the moit 
conservative of manufacturing engineers will liardly deny, ~ 
marine engine in its present most advanced form is a aplendW 
triumph of practical science and mechanical skill ; bat I 
middle-aged engineers can remember when, nearly thirty y 
ago, they thought the same of the clumsy contrivances, now Itnf 
since obsolete, whicb then churned through the water, tiring 
ugly hulls at eight knots an hour. The simplest, lightest, u 
most economical marine engine of A.D. 1868 is still a coniplicstect 
heavy, costly afi'air, which, none can deny, needs a vast deal rf 
improvement, if we can only find the means of improving it 
And if there are means it is of immense importance that they bl 
found out. There appears to be HO chauco of the supercession rf 
steam by any other power unless we go back to sails. So &rtb> 
hot air engine, although, in tljeory, it ought to surpass steam ji 
economy of fuel, talis miserably and hopelessly short of it ; wtufai 
in any case, some new metal, of unheard-of properties, must h 
discovered before hot air engines can be made of large power mi 
even tolerable weight. The other engine promises no better, txA 
hut few would hazard its use, with all its danger of fire an 
plosion, even could it compete in economy with steam. The nt 
force of the tides, upon wliich all vessels on the open sea i 
bonia, can in no Ntay \« taVo'Q aS.'jKo.Wgi tit rai^ mare than tl 



1 aid of their propulsion. Something hns beea 
said ••{ Captain Erioason's proposed ' solar engine,' to work 3Jme- 
how, by means of the coucentrateil raj-s of the sua Wo would 
be the last to assign limits to the realms of discovery, which are, 
were such a thing possible within the meaning of words, even 
more than boundless. But it would require a collecting area, for 
the purpose of concentrating the rays to heat a laige marine boiler, 
immeasurably beyond what any vessel could cany, or perhaps 
^uy tnaniifacturing establishment on land maintain. Wben t)ia 
r;. too, happened to be engaged on other business, say, in warm- 
_ tlie other side of the world every night — our own night — or 
.11 he was warming it by the month together between Novem- 
iier urid April, or when he was evaporating the waters of the sea 
into moisture, filling hundreds cf thousands of cubic miles of space 
with fogs, the solar engined ship would he compelled to ' lay to.' 
In other wonls, when the sun did not shine, ' the thing,' to em- 

■ V an Americanism, ' wouldn't act.' 

' -,[ no general election, therefore, under whatever act of meciian- 

, I'ol'orm, is steam, as the sitting member, in the least likely to 

■ ■c unseated; Mr. Bourne's confident estimate of the result of the 

poii to the contrary notwithstanding. And like the ecclesiastical 

tendencies of many now in the enjoyment of the popular suffrage, 

till.' tendency of steam is towards higli and not low pressure, 

liie theoretical advantages of higli pressure steam, even up to 

lb. or 1,000 Ih. per square inch, and those of extended auper- 

iTiy, and of the utmost permissible degree of expansion, have 

explained and insisted upon in innumerable pages of 

iianical literature ; and, still more ably and urgently by the 

y apostles of an improved marine engine practice, who have 

■ d or are now passing away. To what we may attain in the 

i e none can now pretend to say, but while it ia undeniable 

■ 'he principles of very high pressure superheated steam, with 
I piston speed and a high degree of expansion, is right, the 
■lest engineers have oidy approached its advantages at a great 
iiiCB in practice. No engineer need be told the reasons why, 
! Ley are known to alL At sea it would seem that, even with 
' ii.e condensation, we are never to have pressure much above 
')i., although it is encouraging to hear so clever and so success- 
i [uariue engineer as Mr, John Elder, of Glasgow, who has 
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auoeeeded with 50 lb,, expressing himself confident of atttuoiiij 
with the same comijarative suoceaa, a pressure very mucb great* 
yet. It 19 encoumgiog to find other engineers doing very vol! i 
a Bix-flod rate of expansion of 30 lb. superheated steam, in st 
jacketted cylinders ; and encouraging to know that Messrs. Fetm'i 
Mesara. Maudsley's, and Messrs. Napier's very largest enginea U 
frequently run, on trial and for some hours together, at a pista 
speed of from 600 fL to (iOO ft. per raiaiite. 

The whole question of high preaaure, say 60 lb. or IOO lb. t 
sea, turns upon that of aurfaee condensation, and it is n 
that BD far certain difficulties attending the use of surface coi 
densers have rendered it necessary to keep to preasures at wbic 
sea water might, upon occasion, be employed in the same boiler 
tbe vacuum being then maintained by meane of an injection nOi 
denser — although the air pumps which are sufficiently large fffl 
surface condenser are altogether too sniall to pump out injectio 
water. It ia enough to say, that whenever the long known diS 
culties — such as the furring of the condenser-tubes, the acoumiiti 
tinn of oil, acidulated or otherwise, ii ' " " 
of the boilers themselves — are once and finally overcome, thei 
is nothing to prevent the regular use of 100 lb. or 150 lb. ste»i 
pressure at sea, any more than in locomotives upon land. 

In the meantime it is oa well tu keep to boilers suited I 
pressures of 30 lb. or thereabouts. As compared with ordinal 
land boilers, the modem marine tubular boiler is a light and o 
pact, if not a remarkably strong sti-uoture ; and even in ree[ 
of strength it is not to be foi^tten that but very few uiai 
boilers — or those made for seagouig steamers — have ever bloir 
up. But if we compare it with the locomotive boiler it at om 
becomes a hulking, clumsy contrivance, tu say the very best i 
it. Its we^ht, together with the water contained in it, will m 
fall much short of 5 cwt for every cubic foot of water evaporats 
per hour, whereas one-third this weight answers in the locomi 
tive. Wleu we consider how badly a thin and Dearly aquai 
box — and the shells of neatly all marine boilers are little moi 
than aquare boxes — ia caleulated to withstand internal pressui 
we perceive the first element of weakness and consequent weigh 
When, again, we pereeive what a small proportion of tubuli 
surface ia presented in compai'ison with the extensive but indifb 
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ently effective Tcrtieal eurfacea of haif-inoh plates, nnd, beaixlea 
tliese, the considerable surfaces under the ashpit — generating 
little or no steam — thera ia uathiBg to wonder &t as to weight. 
Water bottoms were absolutely necessary in wooden ships. la 
it certain that they are at all necessary or even desirable in iron 
ahipa? Locomotive boilers give a good rate of evaporation with- 
out them. Indeed they have been tried on locomotives without 
the least advantage. And as for dividing the length of a boiler 
by means of five, six, or seven ' water legs ' into four, five, or six 
separate and distinct furnaces, what is the good of it) Look at 
the weight of plates, the stay bolta, the angle iron or flanging, 
the hand holes and the cleaning-— and all for whati No doubt 
the ' legs ' unite the furnace crowns with the water bottom, and 
if not so secured the latter would endeavour, and no doubt suc- 
cessfully, to straighten itself out, like the hollow spring of a 
Bourdon gauge, into a vertical line with the back of the boiler, 
But if there was no water bottom there would be no straighten- 
ing tendency of the kind; and even with a water bottom a. water 
front, as in a locomotive firebox, would moat effectually tie it to 
the crown plate, and, still more, very aenaihly diminiah the heat 
in the boiler room. As to a great fbit crown plate 1 5 ft by 7 ft., 
more or less, it would be no more difficult to stay than the crown 
plates 5 ft. by 41 ft. of broad gauge locomotive Jiieboses worked 
to four times the pressuie per square inch. Nor would there be 
any difficulty in keeping the crown plate cleaa The room now 
taken op by the ' legs,' 6 in. or more each, would be occupied by 
two additional vertical rows of tubes of hardly one-fourth the 
thickness, yet presenting much more effective siuface. But if the 
furnaces must be separated like pigeon holes, or little chapels of 
ease, make the legs a foot through and perforate them with i in. 
tubes. These would give much additional surface of the most 
valuable kind, and they need not interfere with proper cleaning. 

All maruie boiler tubes ought to taper, being smallest at the 
front or smoke-hos door; but, unfortunately, if so made, they 
could not be set in Die boiler, as there would he no room to enter 
them at or withdraw them from the rear end. 

Marine boilers made with cast iron asb-plates instead of water 
bottoms, and having no divisions between the fomaces, would 
weigh moch les« than at present, ba much cheaper in first oist. 
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id would present far more of tlio moat effective heating sarfce, 
viz., Df horizontal plate with the fire beneath it. The grate atai 
would be enlarged, narrower air epaoea would suffice, the diauj^l 
would be better equalized, thinner fires maintained, and the ' com- 
bustion chambers,' or space for the mixture of the gaaea with ai^ 
would be very much increased. 

It would be worth while to consider also whether some form 
of furnace like the Wilson furnace could not be adopted in odd- 
aection with marine boilers. In this case, with boilers fiied 
fcthwart ship, they could be brought very much closer together, 
I'tnd the boilers on both sides fed simnlkineoualy from a raised 
stage, on which the men could stand with comfort. K such S 
furnace were found to answer it would require feeding odIj 
through a hopper, and no shcing of the fire, or dragging the 
grate bars from beneath, inasmnch as there are no bars, and none 
but absolutely incombustible refuse. 

If nature would but kindly increase the conducting power of 
metal — but she won't— what different and how much lighWf 
boilers we might have. The average evaporation from all the 
heating siiriaces of a inarioe boiler of the Engligh type is hut i 
in. in thickness, or depth of water, over the whole surikce, p«[ 
hour, or ^th in. per minute, or ig'got!) in. per second. It if 
not certain that an artificiaUy increased cireulation of watsr 
would be of any use. As it is already, there must be a livel]' 
rattle of water and steam from over the furnaces up among Iba 
tubas above them, and the water level must rise in a heaving 
mass of steaniing foam at a point not far from the hind end of 
the tubes. ' Ueat pins ' have been tried and abandoned for get- 
ting the heat more rapidly and directly into the water. They 
were in the way of cleaning oa both sides of the plate, and if 
not burning off often occasioned leaks. As it is, nature will not 
be hurried, and we may as well give her her own time, in the 
shape of half an acre of heating surface, as Mr. Penn has done in 
the boilers of the Hereulea. In America they would give an 

I acre, the Wampanoag, of but two-thirds the indicated power of 
the Hercules, having 30,500 square feet. The Wampanoag is 
one of their newest and best vessels, but let us look at one of » 
crack lot of frigates, built in 1864, one to which American prao- 
tice still conforms pretty closely in respect to the machineiyrf 



s, the Wabash, whose maicimuni performance in emooth 
water is, accordiug to Mr. TsherwotKi's Ejqmrlmental Researches, 
only 911 knots ao hour. She baa direct acting screw engines 
with 72 in. cylinders and 3 ft. stmke. These, with boilers, and 
water in tlie boilers, weigh no less than 470 tons, and yet they work 
to but 1,039 indicated, hocse power, each horae power being per- 
formed by upwards of 9 cwt.of mnchineryinBteadof 3 cwt.,asinthe 
best practice here ! The Wabash has four boilers with twenty fur- 
naces, or as many as the Duke of Wellington, and these furnaces 
have no less than 338^ square feet of grate, while tbe total heating 
surface is 11,853 square feet, the moat of it in 5,440 little water 
tubes, each S in. in diameter and 3 ft. long. Was ever a ship so 
boilared to so little profit) With 15 lb. steam, out off at II in. 
of a 3 ft. stroke, or less than one-third, the revolutions wore 493 
per minute, corresponding to 3958 ft. of piston. The vaounm 
must have been something extraordinary, the feed water from the 
hot well having a temperature of 135°; indeed the haclt pressure 
in the cylinders, as measured above zero, was 3J lb. No wonder 
that the consumption of best coal was 4,350 lb. per hour, or over 
4 IK per indicated horse power. 

Wonld that we could hut hiive a good rotary engine! Will 
such a desideratum for ever bafllB the practical genius of engi- 
neers) There would be the straight, plain, screw shaft, no cranks, 
no reciprocating parts, the engine, of any size desired, revolving 
at one end and the screw at the other. All the screw shaft bear- 
ings, including the thrust heating, would be packed like the stern 
tube with lignum vitse, and they, with the shaft, would be en- 
closed in a plate iron trunk filled with water for 3 ia or 3 in. all 
around the shaft, and thus the bearings might go for months, if 
not for years, without being once looked at, and without the pos- 
flibOity of heating. Wiy should the stern bearings have the 
whole beneUt of the wood linings, the invention of which raised 
the screw engine and screw propeller from the depths of doubtful 
expediency to the summit of suecesal Silver linings— even they 
may b« said to have been to the dark cloud which for so many 
years hung over the cause of screw propulsion. And even with 
overhead engines, why should not the main bearings and eccen- 
tric hoops be wood-lined and work in water; the connecting-rods, 
too, be of sword section, and fitted either with gon metB.\.' V>ns^»' 
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or wood blocks) If the latter were foutid, on trial, to s 
well, a conical tank of boiler iron, nearly clawed at the top, wooM 
nearly, if not entirely, prevent splashing of the water, the cylin- 
der bottom being well protected against cooling. Wa are 
vincod that the half of the virtnea of wood bearings is not yet 
known. The cranks, in the case jiut proposed, would tto^ of 
course, be left the ugly lumps they now are, but would be formed 
as circular di^cs to cause as little chuming of the water as possible. 
No thump, no hot bearings, uo oil, no attendance. The diflw- 
ence in friction, so tar from being against wood, might be fboini 
to be, after all, altogether in its favour. There should be no 
need, when under way, to look at the crank shaft, or the thmat 
or line bearings, than into the stern tube, or at the screw itself 
And will there not be found some cheap method — whether hj 
casting, drilling, or by punching, as in Deakin and Johnson's 
process — to make a 3 ia central hole right through the 
length of the screw shaft? How much better it would be Ek 
it, and the journals need not be J in. laiger in itiamet«r in 
sequence. 

If the eeiemie of the future can evet ftMomplish anything ia 
marine engineers, let its first triumphs be these : — first, » 
mode, other than evaporation, of rapidly precipitating the salina 
constituents of sea water ; — second, soma mode of greatly inc^ea^ 
ing the heat, conducting activity of the metal or metals of which 
steam boiler furnaces and tubes are formed. But, except by > 
blind faith, opposed to all tliat is now known, we cannot hope 
for either consummation. Although the salt and water which 
together form sea water, are in mechanical nibsture only, it ia 
almost as difficult to separate them as to separate the oxygen 
nitrogen of the air, which also is but a mechanical, ajid not t 
chemical, compound of these gases. We might almost as w " 
hope to decompose water by an expenditure of power, say o 
half as great as that which would be derived from the combostioo 
of the resulting hydrogen. Then should we have liquid fuel in- 
deed — a hydrogen field covering one hundred and fifty million* 
of square miles, or three-fourths of the entire aurfece of the globs, 
upon which steam ships could steam everywhere, without cost m 
BtokeiB. Liquefied hydrugeo, from a mile to seven miles deep I 
luezhanstiblel were it only released from its aqoeooe bond it 



would expand into a vulunie im measurably greater tlian tLat of 
the entire atmosphere surrounding our planet. And, if that were 
not enougb, it is, like everything else when chemically consiiiered, 
indestructible, evun by combustion with oxygen, whereby it is 
simply recuntbined in water, to be again decomposed, the hydro- 
gen again burnt, sad so on, ad infinitum. A ton of coal once 
burnt is for ever destroyed as coal, although every atom of its 
chemical constituents survives in other hut unavailable combina- 
tions. So let those hope who can. We see no way of attaining 
to this imperial possession of nature, hut neither do ive see the 
limits of human discoyery. 

But it is time to descend from these lol'tj flights of chemi- 
cal fancy. Let us go back to the engines. Cou^ they be run 
twice as fast they would require to be but half as heavy. Then 
why not run them lasterl Because they would wear out too ra- 
pidly ; the rubbing surfaces might heat, in spite of all lubrication 
— Beize. and all would go to wreck together. This is exactly what 
would have been said, twenty years or so ago, of an attempt to 
run short stroke (4 ft.) screw engines at 60 revolutions per minute, 
yet Penn's engines of that stroke, in the Bellerophon, have been 
rnn at 73 revolutions, and so far from breaking down are as good 
as new. Mr. Stirling's fine express locomotives, running at 4:5 
miles an hour, measure off 720 ft. of piston per minute by the 
hour, and give no trouble. And were railways safe at still higher 
speeds, aay 60 miles continuously, these engines would as easily 
(as they often now do for a few minutes), measure off from 960 
ft. to 1,000 ft. per minute, by the hour together. Why should 
not marine engines do the same? Is it that there is not room 
for a iivo ft. stroke, with a 10 ft. connecting-rod, and that 100 
revolutions per minute are not required for the sorewJ If these 
are not the reasons, what are theyl It is certain that when we 
give up cast-iron pistons, of heaven knows how many tons' 
weight, when we employ hollow steel piston-rods, when we aban- 
don the ugly round connecting-roda and adapt steel, channelled 
at the sided, thus I (or, if made to work through water, upon 
wood bearings, as already suggested, they may be made of 
double-edged sword section), when we adopt steel croas-heads and 
bore oat the axis of the crank-pins and throws, we shall be en- 
abled to run mnoh quicker withoot jai: ot dBivi|,« lii 'oRa'ttosj, 



IJghtnesB, good workmanehip, and large bearing sur&ces are ill 
that is required to permit of tlie highest speeds. 

With injectiou condensers only ti given amount of water is 
required for condenaation, and to give more only needleealy loweta 
the temperature of the feed water, besides throwing additional 
work upon the air pump, witiioiit obtaining any real improvement 
of the vacuum. But with a aurface condenser the ease is vary 
different. With a moderate quantity of cooling water outside 
the tubes, a relatively large amount of tubular surface is neces- 
sary, inasmuch as the temperature of the water rises so rapidly 
that it soon becomes nearly ineffective for the purposes of conden- 
sation, especially if the water be pumped from the Gulf Stresm, 
the Ked Sea, or any other warm source of supply. Soma en- 
gineers maintain that it requires about as muck cooling surface to 
get the heat out of the stream as it required of cooling surface to 
get it in. The uaual proportion of the former to the latter is 
about as 3 to 3, or 3 to 4. In any case the quantities to bedealt 
with are large. A pair of engines working to. say, 2,000 indi- 
cated horse power, would, in moderately fair practice, require every 
hour the quantity of steam that would he evaporated from 900 
cubic feet of water, or 15 cubic feet per minute. To condense 
this by injection, with the water at about 60°, would require 350 
cubic feet, or 10 tons of water per minute. This would flov 
in from the sea ; but its momentum being extinguished in the 
rose of the injection pipe, it would require to be lifted out ag&in 
to the sea level, perhaps 10 ft or 15 ft., or even more; the work, 
exclusive of all losses from friction, &c, thus amounting to trota 
7 to 11 or 12 horse power. Were the same quantity of water 
pumped through a surface condenser, there would be no lusB of 
power (disregarding that from friction, bends, &c.), beyond that 
due to the bend which would maintain the required rate of ftow. 
If the 350 cubic ft. per minute, or, say, 6 cubic ft per second, were 
to be passed through a nett water-way of even 1 square foot, it 
would move at the rate of but 6 lineal ft per second, correspond- 
ing practically to a head of rather mora than 1 foot. But much 
more than the ordinary amount of injection water is required with 
surface condensers. Yet on ship board, with the surface con- 
denser 10 ft. or 15 ft. below the water line, ten or hfteen timn 
t the ordinary amount of injection water may be sent through with- 
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out any real loss of power as compared with lifting out the iujeo- 
tioa water by the air-pump. In dealing with, say, 3,500 cubic; 
ft. of water per minute (100 tons, or nearly 22,000 gallons of 
sea water), only centrifugal pumpa would be reckoned admiaaibla. 
No such large quantity ie required in tho case we have supposed, 
nor could any surface condenser adapted to engines of 2,000 ia- 
dicated horae power well pass eucb a quantity unless the water 
ways between the tubes were needlessly largo. Yet it is as well 
to remember the advantage which a large volume of condensing 
water affords, viz., that it renders a less extent of condensing sur- 
face neeessary. The more water the less surface, the less total 
bulk of condenser, and the less coat. 

Marine engineers have not done well, we think, in gearing the 
centrifugal circulating pump to the screw shaft. There are several 
reasons, wMch it would require too much space to point out here, 
but Bome of the principal northeTU firms, among tliem Messrs. 
Robert Stephenson & Co., Messrs. Thompson, Boyd, & Co., of 
Newcastle, Messrs. Lamport & Holt, of Liverpool, and others, are 
largely adopting Messrs. John and Henry Gwynue's centrifugal 
pumping engines, by which tlie water circulated may be always 
exactly adjusted to the requirements of the main engines as well 
OS to the temperature of the condensing water itself 

In bringing this lengthy and discursive discourse to an end, 
we confess we cannot see mucli hope for steam navigation in the 
use of ' liquid fuel,' unless it be procurable at far below the present 
coat, and little in water jet propulsion. But we do see in the 
future large, light draught, flat- floored ships without sails or masts, 
such as are so much employed in the American waters, and such 
ships, steadier and more buoyant than the old type, deserve the 
most improved engines which the skill, whether of the present or 
the future, can devise and construct. A Ugliter draught imphes 
a smaller screw, and it may be that we shall have to adopt twin 
screws in general use, but for this there is time to wait, and wait- 
ing need in no way retard the utmost possible improvement of 
the marine engine. Z. C." 

48. DeicriptioH ofNeia Double Expm^ve Engiiiea for H.M. 
Ship " Spartan." — The following paper was read before the In- 
stitute of Naval Architects by Edward Ellis Allen, Esq. " I 
have been invilod to contribute aahort papei Sqi \,\v\a^e»iis'saefcV 



' !Bg of the Institution of Nsval Architects, descriptive of the en- 
gmesnowin courseof oonstruction by Messre, J, & G. Bentdefbr 
H.M. ship Spartati. I regret that I cannot enter very fully into 
the details of their construction, the manufacturers being ]ut(U4ll]' 
anxious to complete and auhject them to a thorough trial beibn 
aubmitting their details to profeasional men ; the engines in ques- 
tion being the Wrst of tbeir kind <ii' any considerable power, as abo 
the first intended for marine purposes. Ar, howevei; a krgi 
number of engines of from 6 to 20 horse power have been ccm- 
stracted upon precisely the same principle for pumping, sairii^ 
ploughing, and other purposes, some uf which have been constatitlf 
at work for upwards of lour yeate, giving great satisfaction, I hare 
no fear as to the resnlts of the engines of the Spartan. Assomiog; 
however, that some of the details adopted in these engines an 
capable of improve men t, it is most improbable that any diffietdtf 
can arise in making it, the same general plan of constraction bwDg 
capable of being carried out in practice in various ways 

The engmfis of the Sparlcm are 350 nominal horse power, and 
ara intended, when exerting their full force, to give ont 3,100 
horse power by indicator t e , six times the nominal power, whsn 
the expansion is earned to about seven times, the pressure of 
steam in the boilers being 65 lbs. per square inch above the it- 
mospbere, or about 70 lbs total pressure. The cjlinder> are 154 
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inches in diameter, and the stroko 2 ft 9 in. They are formed 
as shown in fig. 49, their length being rather more than twice the 
length of the Btroko. Each cylinder ia divided into two piTtions 
by means of a division cast with it, and furnished with metallic 
packing similar to that of a piston, but acting inwards instead of 
outwards. Through this division a trunk works, having u piston 
at each end packed in the ordinary way. The trunk is made tn 
occupy about thrae- fourths of the capacity of the cylinder, being 
in this case 56 in. in diameter, thus allowing an annular space 
of 4 in. 

The steam is admitt&l from the boiler alternately into the an- 
nular spaces formed on each side of the division in the cylinder, 
being cut off by lap on the valve at about five-eighths of the 
stroke, or by means of the link moticin at any less part of the 
stroke, and afterwards passes to the respective ends of the cylin- 
der, where it is fully expanded ; that i^, iu the ratio of the areas 
of the whole oyhnder to the area of the annular space. From 
the ends of the cylinder the steam escapes in the ordinary way to 
the condenser. The cylinders ace steam -jacketed as well as both 
the covers, and, if necBBsary, steam may be readily admitted to 
the trunk ; but the large surloce of the cyhnder being available 
fi* keeping up the teniperature of the atcani during expansion 
(eapecially eflective as regards the steain contained in the annu- 
lar space), will probably never render it necessary to admit steam 
into the trunk for heating purposes. 

The boilers of the Spartan are six in number, each 9^ feet in 
diameter, with circular furnaces 3 feet in diameter. Each Ixiiler 
contains a number of tubes over the furnaces, and a superheater 
is formed in the uptaka 

One surface condenser serves for both engines, and is of the 
ordinary kind, the steam being made to circulate on the ontside 
of the tnbes, cold water supplied by centrifugal pumps being 
driven throngh them. 

The valves of the cylinders are shown in fig, 49, each valve 
having doable ports for exhausting. The pressure of steam on 
back of valves is removed in the ordinary way. Both valves are 
worked by one rod, and are driven by double eccentrics with 
link motion in the ordinary way. 

The engines are placed horizontally, anil ave ol ftift <KS\-Ba.T^ 



SKGINBKBIITO FACTS. [Snr.l 

double piston-rod conalruction, with return coimeetitig rods, thai 
peculiarity alone consisting in the construction of the cylind«a 
and valves. Wlien working with the link motion in fuU gaar 
the steam will he expanded about seven times, and the expaoaan 
can readily be increased to ten oi twelve times when required 

The advantages of the arrangement are chiefly its capability ot 
fully expanding ateam of considerable preseare - uniformity <tf 
action — the high and low pressure steam acting simultaneously; 
the diminution of the strain thrown on tho piston-rods, oonnectiag 
rods, and guides, in consequence of the steam from the boiler never 
acting directly upon the large area of the piston, its expansioD in 
the annular space reducing the pressure to nearly half that Bt 
which it is iirst admitted into tliia space befart>. it passes to the 
cylinder ends. In the case of tlie engines already coDstructod, the 
trunk is found to bo amply supported by the end pistons (each 
of which may he narrower than an ordinary piston), as well as bj 
the central packing, the cylinders being very equally worn. The 
ateam passages are also very short, and consequently there is little 
loss in charging them. 

In order to avoid any accumulation of pressure by successive 
changes of the passage through the valves, they are so conatmctad 
as to be charged with high steam at each stroke, the edge of the 
valve passing over its seat. The same object could be accom- 
plished in another way, viz., hy exhausting the passages in tha 
valve at each stroke. 

It may be well to glance at one or two of the objections which 
have been made to the form of engine heie described: and, iira^ 
as to the difficulty of keeping the division and the cylinder steam- 
tight. In answer to this, I may state, first, that no such diffi- 
culty has occurred in any of tha engines already constructed ; but 
I if a leakage should occur, the steam escaping at once ttnds its way 
to the end of the cylinder, increasing the pressure of the expand- 
ing steara, the equilibrium ports always beiiig.open when the steam 
is entering the annular space on the opposite side. The 1(m^ 
therefore, by leakage in this way is really very small, the steam 
not bfing lost as if leaking pa^t a piston. Moreover, there is 
always steam on both sides of the division and the cylinder, there 
never being a vacuum on one side and steam on the otlier. !I1|B 
large surface of the cylinder baa been. Uviii^lit b^( some to ba ob- 
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jectionable; but, so far afi experienca goes, it ia really one of the 
gixid points in the arrsngemeiit, affording, as it apparently does, 
ample beating surface tor the espanding ateam. Admitting steam 
ki tlie trank for the purpose of adding to this heating surface has 
been objected to, on the ground that it was imposaible to make 
the tmnk hotter than the ateam. This, of course, is evident; but 
the question is whether the eteam, during expansion, is capable 
of taking up more heat than the jacket can transmit; if so, good 
may arise from admitting steam to the trunk. 

I may here perhaps shortly describe another use to which the 
[nmk may he put, i,e., in engines worked by steam of a still higher 
pressure than that to be used in the case of the Spartan's engines. 
The trunk is made cellular, and is bored out so as to receive a 
pirton, which is kept stationary by a rod attached to one or both 
cylinder covers. The passages for the steam are found all round 
the trunk, between the outer and inner skins, one-half of them 
opening out at opposite ends, so rendering the capacity of the 
trunk available as space for expansion, and adding from 60 to 70 
per cent, to it, according to the proportion 'of the trunk to the 
whole cylinder. By this arrangement it would be easy to pro- 
vide for expansion to the extent of twenty times, ming steam of 
100 lbs., 120 lbs, or even ISO lbs. pressure. The speed of the 
Sparlan's engines will be about 100 revolutions per minute, 
<qaal to a piston speed of 650 feet 

With regard to the question of economy of fuel from the use 
nf gteam of 50 lbs. to 60 lbs. pressure, well expanded and after- 
wards condensed, it may be diiBcult to determine; but I have 
every hope that it will be below 2 lbs. per indicated horae- 
powei, and if the pressure he increased to 120 lbs., as I believe 
it shortly will, I think we may hope to sec IJ lb. good coal 
doing the work of an indicated horse power. In the high- 
pressure engines I am now working on the principle described, 
I have reduced the consumption of fuel to less than oue-hall^ 
and in some cases to oue-tiiird, that of ordinary engines, cutting 
off at three-fourths of the stroke, and consuming only one-third 
of the water, viz., 2^ gallons per dynametrical horse-power. In 
these engines, which are mostly portable engines, I use mostly 
75 lb. steam, expanding it six or seven times, reducing the ex- 
haust ateam nearly to Kero, and thus avoiding all noise or escape 
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of vapour ill a visible form, except in cold weather, or when the 
air is charged with moisture. One marked advantage of Hi» 
arrangement foi portable engines is the fixed nature of the 
pansion, such engines very rarely being fitted with espanam 
link motion, or any other nienas of working the steam exput 
sively; the link motion, even if fitted, aiTording no check lo Itu 
driver working it iu full gear, and consequently the steam 
expanaively. 

I need scarcely remind you that any ariangement calculated to 
economize steam renders the boilers either proportionately ea 
lighter, and cheaper, or more -ofFective as economical steam _ 
rators ; the saving from economy of steam being two-fold — fin^ 
directly in reducing the quantity of water to he evaporated for 
a given power; and secondly, in rendering the boilera more MO- 
nomieal on account of the relative increase of heating surface. 

In suggesting points upon which any discussion may m 
profitably tnrn, I would direct attention to the vast importaon 
of economising fuel in ships of war, more especially those that 
are armour platetL ta many of these it is well know that thlM 
or four days' coal is all that can now be carried, i.e., when fnll 
steaming. 14ow, this quantity (whatever the actual amount »■ 
quired may be) must, I think, sooner or later serve for twelve M 
fifteen days, so as to carry the vessels some 5,000 miles without 
Tecoaling. How is this to h« accomphshed 1 It seems to w 
there is only one way, viz., by employing steam of caIlaide^ 
able pressure, liberally eotpanding it in some form of double «- 
pansive engine, condensing, of course, by surface, and a modenU 
amount of superheating, or, as I prefer describing it, using dij 
steam. In discussing the merits of an engine, thenjfore, it aeeui 
to me one of the most important questions is, whether it is equil 
to this advanced service to which it must probably soon be pot. 
All our ironclads are terribly defective, as it seems to me, in wlnl 
we may call the ' wind and pace ' of vessels. They neither go &I 
enough nor ^t enough, and ere long these points must be At- 
tended to, whatever difficulties may be met with in accompliaSing 
the end in view. 

With regard to the speed of vessels of war, it baa well been still 
that the speed of a fieet is that of the slowest vessel in it. Nov 
; this fJiootd be H kuolft, if aiA \5 kao\a, «.\i^ Wi>u, wheroas tU 
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of our ehipa is from 9 knots to 14 knots at the best. One ra- 
qairement seems to have been entirely overlooked, viz., that if 
any number of vessels are required to move at an uniform steam, 
they must have what I would call surplus power. This has never 
been provided for, nor can it ever be, except by the use of liigli- 
preesitre steam, with ample provisioQ for expansion and adequate 
cyKnder capacity. The variation in speed of vessels, due to the 
state of the surface below water, indifferent quality of coal, and 
other causes, cannot be put at less than 2 knots, so that to main- 
tain 15 knots at sea, and at all times (which has been insisUfil 
upon by many competent authorities as necessary) provision must 
be made for IT knots or 18 knots an hour. This surplus power 
spears to me as necessary for the ships of a fleet as for the loco- 
motives of a railway ; and further, that some such concentration 
of power is essential in order to meet the requirements of ships 
in the Eoyal Navy. 

I have during the last fourteen years paid considerable atten- 
tion to the economy of fuel ia steam-ships, and have devised five 
classes of double exponaive engines wtth this end in view, dia- 
j^ma of which ore eahibited, the engines of the Spartan being, 
I think, the best ; hut, curiously enough, nothing more than a 
ihtd of stereoscopic blending of the ' combined trunk ' engines of 
\855. In the Spartan's engines the two cylinders of this first 
arrangement are joined together, the one trunk serring for both 
pietons. This apparently very simple change did not, however, 
occiir to me until seven years after my first production. During 
the last few years I have had the satisfaction of seeing three of 
my plane practically adopted in steam vessels ; arrangements 
■ffhich are perfectly new to me, and honestly devised, after a 
careful study of the future requirements of marine engines, being 
now looked upon as very obvious modifications. Thirteen or 
foarteen years ago, however, the expansion of steam in marine 
engines was almost without a single advocate, the supposed neces- 
sity of making them as light as possible being considered para- 
muant to every other consideration. In the beginning of 1855 
I ventured to suggest that the government should invite tenders 
for marine engines, in which ' economy of fuel ' was the object 
nought, in the same manner as they had done aoMYft tvoift ■^w- 
viousJ^ wlien 'economy in space and weigVA' veTt "^.^v^ (itii'a:.'^. 
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pFoposeil. Some jeara before this suggestioa was acteii upon i 
ordering the three vessels — Octama, Constanen, and Arethim 
and these liad given rise to the present trial of the eogin 
intended for the Spartan, as well a8 of another form of deal 
expancdve engine in coarse of construction by Messrs. Mand^ 
The end-to-end cylinder engine, with trunk connection, desigoe 
by me in 1895, has been carried out in the engines of the Poona 
for the Peninsular and Oriental Company, and for the anginas i 
her Majesty's ships Pallas, Crocodile, and Sei-apis, while tl 
same arrangement, nith double connecting rod«, has been in m 
in the Feninsuki' and Oriental Company's shipa Delhi and Ta 
jore. The annular cylinder arrangement has been worked oi 
by a manufacturer for the Swedish government, and T beliM 
with good resolts. The vast importance of modifying the 0B& 
nary construction of engines in which steam of even. 50 II 
])reB3ure is employed, wiU be seen by considering the strain t 
which the engines of the Spartan would be subjected, if It 
steam were admitted at once at full pressure upon the whal 
surface of the piston being not less than 70 tons, while for tbi 
large engines of the Northumberland class it would not be muc 
short of 300 tons alternately on both sides of each piston, perluf 
1 20 times a minute. As the pressure of steam increases, so iltM 
the necessity become greater for employing double « 
engines. Tlie future progress of marine engineering in the Bojl 
Navy is a question of the greatest possible interest, and I si 
be well repaid should the proposed discussion tiirow any Ii| 
upon the subject, which it can scarcely fail to do. 

"In the discussion which I'ullowed," says the 'Practical' 1 
chanic's Journal, August Ist, 1868, "the chairman remarke'li 
was a very large and important question, and well worthy tl 
consideration of every gentleman who took an interest in matil 
engineering, and as applied to boiler makers and engine makai 
— Mr. Grantham said he thought it was a pity that the pap 
should go olf without some discussion. He would offer two < 
three remarks which had suggested themselves during the 
uf the paper. He thought that gentlemen were apt to lay h 
much stress on the importance of economy of fuel in the sir 
In his opinion it was far more important to the mercantile n 
Wheoe there were ten or twenty ships for one in the navy. 
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ever important it might be to save fuel iu the navy, it was only 
for the promotion of our Belf-glorification, and, in some remote 
nieaaure, to the glory of our country ; but in the other it was of 
importance to the world at large and the whole commercial marine 
of the country. A laige number of engineers had attempted 
annular engines, and he had seen one that was ui^ed in the gun- 
boats of Sweden, in the Exhibition of 1862. He did not wish 
to disparage the plan now before the meeting, and waa sure that 
everything which would conduce to the employment nf high- 
pressure steam used expansively in our ships was by far the most 
important direction on the question of economy of fuel. ' It 
wanld he a very narrow view to think that we had arrived at the 
highest point of perfection; and, although you hear of such 
economical engines, the great majority of engines were worked at 
an extravagant expense of ^eL He thought there was some little 
difficulty as to Mr. Allen's plan, but probably it only arose in 
his own mind and could be easily explained. — Mr. Allen anid, 
with reference to the engine in the Exhibition, it was his own 
plan worked out for the Swedish government. The arrangement 
was that the high- pressure cylinder was in the inside of the low- 
pressure one, which made a neat arrangement in many respects. 
The high-preaauTB steara passages were very long. It worked a 
good engine, but took up rather more room than some of the 
other kinds. — Mr. Harland thought it would be desirable for 
engineers to turn their attention to the boilers best suited to pro- 
dace steam. The fault had not been the inahUity of the engineers 
to produce the steam engines, but the difficulty was that of pro- 
dacing the steam boiler. He would suggest that engineers should 
consider thoroughly the production of a first class boiler which 
iroald stand wear and tear, and be easily repaired." 

49. Marine Engines at the Paris Exliibiiion of 1867. — From 
a paper in the Scientific American, wa take the following: — 
" The Friedland Engines: — There are three cylinders side by 
side, acting on cranks placed at angles of 120° with each other. 
The middle cylinder alone receives its steam directly from the 
hoiler and is unjacketed, while the outer ones are jaketed and re- 
ceive their steam from the exhaust of the middle cyUnder, form- 
ing together the equivalent of the low-ptesaore cylinder in engines 
on Woolfs plan, so common in Europe. It will be seen. tha.t 
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with this urangement with time tjUaien, it 
to coniiDenc« the release of eteuo fnim the h%fa preasmB 
ut nbuut three-quarters the Etroluv bot it if 
account to cease admitting beah steuii to the cyliikler, since tlnl 
which passes oat of this, acts on the piston of the adjoinii^ cy- 
linder, which is just commencing its stroke, thongli if a fai^ 
degnt of expansion is reqniied, the steam maj be snppiesstd ri 
any portion of the stroke. One itnpottant point, howeTer, irtuA 
\me been attempted in the constmction of tbaee engines has betl 
to make as man; of the parts as possible interchangeable, anit 
with this object the valves for all tbiee of the cylinders are 
exactly alike, and are set so as to open and dose at the 
relative point in each case. - This latter condition involves tin 
euppressioD of the stream at about three-foartba the stroke^ and 
introduces some anomalies in the distribution, which do not eiid 
in the ordinary arrangement with two cylinders. Tracing i 
the distribution of steam to each cylinder, it will be seen that 
have first, three-fourths the stroke of the highpreasure cylinder 
with full boiler pressure steaoi ; then, admission to the second 
oylindur, and expansion in both till the latter hag made thiw- 
fourths of this stroke, or the first crank two-thirda of a revoiutioo; 
then suppression in the second, and at the same time the piston 
of the filet heing at about one-£ourth of its return stroke, opening 
of the valve to the third cylinder and expansion between tint 
and the first until the completion of the revolution. The valval 
ni'e of the D shape, nnd the steam is admitted beneath and re- 
leased above thenV the valve faces being placed on the top of ths 
oylindurs. The valves are worked from crunks 
shaft connected with the main shaft by gearing; and with an a^ 
mngBment of internal guars by which the advance of this sec- 
ondary cnitik shaft may be cbanged as required for reversing. 
Tito exhaust connections are made by means of copper pipes 
elliptical section, so made to ecimomise height, and furnished 
with stay bolts along their shorter axis. The condensera are 
tile ordinary kind, and the air pumps are placed below and an 
worked from arms forged on the piston rods. The pumps an of 
tlie circliimry double-acting kind, and, as is too frequently the cuo 
villi this form of pump, the delivery valves being placed at tlM 
14) (if lliB water chamber and the fuot valves at the bottom, lli 



contained in the cundensed (tteam has to paaa through the 
of water in the pnmp, which it cannot do rapidly, from 
■ly subdivided stat«, and accordingly the vacuum obtainable 
le pump is very ranch impaired. The foot valves should 
at the top of the body of water, the delivery valves 
eloBO by, so that the air immediately paasea out at the 
without having to percolate through a great mass of water. 
Bie shaft of this engine is fumiahed with a strong universal 
joint coupling — simply a Hook's joint. The pillow-block brasBes 
are in two pieces, and are set up sideways only, by wedges and 
nnta above the lundera. The framing ia very stout, and extend); 
dii«ct1y across from the eylindera to the condensers on the level 
of the main ahafl. The other pair of engines by the same makers 
are very similar in general construction of det^la, but are of the 
ordinary cylinder type, with valves placed at the sides and worked 
by a link motion. They are of 265 nominal horae-power, being 
one of a pair of sneh engines intended for one of the new Frencli 
vessels. 

The design of the engines built by Messrs. Schneider & Co, 
appeals to be the moat comraou for large pow-or in the Kreneli 
Marine. As already stated, the engine which is in operation, 
built at the Indret works, is of the same kind, and in addition 
to this, among the very interesting collection of moving modeiE 
exhibited by the French Admiralty, the design occurs more than 
once. It will not be necessary to say much more in reference to 
the Indret engine therefore, except to mention a few points of 
difference between it and the one already described. One of the 
most noticeable of these differences is in the arrangement of the 
guides for the main crossbcod. In the Creusot engine, these 
consisted of a pair of top and bottom surfaces on each side of 
the journal of the connecting rod, and between that and the arms 
to which the piston rods were attached, as often found in our 
own engines. The bearing on the crosshead was formed by two 
blocks of cast-iron encircling the wrought iron crosshead, and 
Becnred to each other by feathers On their meeting faces. The 
wearing faces of these castings are recessed and tilled with Bab- 
bitt metal. In the Indret engine only a single bearing ia used 
directly beneath the connecting-rod journal, and this is made 
very wide ao as to give ample surface when ruuniug a-head, hot 
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the lips which form the upper beonng over the sides of the tnm- 
head hlock have apparently not half the surfece, so that the om- 
ditiona for running backwards are not so favoureblc, though pt^ 
haps there ia as much aurface as is neuessar; far the pnipcw 
The condessere are placed at the extreme sides of the engiiu 
outride of the piston roda of the outer cylinders; the spaee then- 
fore Lctween the three seta of guides and connecting-rods is en- 
tirely clear. Beneath the guides are pumpa worked in sooa 
cases by rods from the ^team pistons, and in others by lugs pi» 
jecting dovnwanl from the piston rods. The arrangement itf 
valve gear is the aame as in the engines already described. ThM 
engines are working r^ularly every day, but one boiler being 

» fired to supply them with steam, and they appear to mn veij 
smocthly, requiring but modemte attention. The appeaianw 
they present when operating in this manner, with the Uades of 
the huge screw boating the air and creating a strong current, ii 
novel and imposing. They are so arranged that visitors can walk 
around every part of them, and exaiuiiie the working of each pO^ 
lion. In the same annex is Meazeliue'a three cylinder engine of 
450 Hominal, or 1,800 actual horse power. It ia very aiidkr to 
those of the same type already mentioned, and is a very creditaUi 
job as regards workmanship. Beside it stands another engine of 
similar size and type, in which the singular and not disadvan- 
tageous plan has been adopted, of omitting in the erection, neirl; 
aU the main castings and framing, thereby showing all llu 
details of the moving parts — portions which in the usual oouiw 
are entirely hidden through their construction. Iho outer packing 
ring of the pistons is of cost-iion, a single ring, the foil width 
being used. The follower bolts are secured from working loose 
by portions of a ring of wrought iron, let into a groove turned in 
the follower just by the side of the square holt heads. As then 
rings in their turn are held in by screws, the question ia, ho* 
much less hable these latter are to work loose than the followH 
bolts would be with no additional proviwon. The foot valvn 
are placed at the side of the air pump chamber, but in an incUned 
position, the valves being on the under aide. These coUMSt of 
long rectangular rubbers, giving a long and narrow opening on 
each side of the guard, by which arrangement it b supposed ihejr 
will have stiffness enough to close promptly, notwithstandiDg 



X dovnvBrd incliaation, while the upper enJ of the valve, at 

hich most of the air would escape, being close to the deliverj 

Ire, the air would have but a small volume of water to pass 

longh before makiiig its exit from the chamber, a uircumstance 

Ways fevourable to the flttainment of a good vaoutiin. 

KThe engine by MeBsre. Eacher Wyss & Co., in tlie Swisa 

a a very neat job, but presents no particularly striking 

hrelty in its design. There are a pair of inclined cylinders of 

pttt 30 in. diameter by 43 in. stroke, placed eide by side and 

mected to the upper frame, containing Hie main pillow blocks, 

Vthe guide bars only in the direction of the strain. These are 

iron, and made tolerably heavy to resist flexure, but 

3ftr rather Lght from being unsupported throughout their 

The top casting is, as usual, supported on turned wrought 

i bolts resting on the bed plate belo*, to the further end of 

h the cylinder castings are also bolted. The air pump is 

!tical and single acting, placed directly beneath the crank 

\ and worked by a connecting-rod and trunk irom a crank in 

|b centre of the shaft. The exhaust from one cylinder passes 

tugli a high atched pipe into the exhaust chamber of the other, 

1 thence a horizontal pipe leuds along the bed plate to the con- 

r under the shaft. The valve motion ia of the ordinary 

Iting link kind." 



DIVISION NINTH. 

GENERAL MACHINES AND TOOLS. 

. Sleam Hammerg. — We are indebted to Engineer, under 
uMarch 6th, 1868, for the following article:— "The condi- 
B under which steel or iron is employed in steam hammers are 
dingly trying; and it ia no matter for surprise that these 
machines, unless well made at Srat and well cared for, should 
qoiokly get out of order, and require 'no small outlay to keep 
them in repair. They usually fail by the breaking of the ham- 
mer-head, or more strictly, of the slide-block to which the ham- 
mer head is fixed; the piston-rod, or the puloutiKe^ %q Vn\% 
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lu the blow is delivered on a mtiss of iron directly under the 
r pi^a-rod, the hammer-head is upared any twisting strain^ and 
aeldom breaks ; but in those hammers specially fitted "with large 
faces, and employed in foi^g masses of considerable euperficitl 
areo, the blow is often delivered at a point some distanoe to 
the right or left of the centre of tbe anvil, and a twisting strain 
is iraased which not unfreqnently results in the Nocture of tht 
hammer-face or slide-hlodi. and for this leason it does not appeti 
that moving cylinder hammers, are well adapted for such wo^ 
It is not easy to suggest a remedy. The beat plan seems to \x 
to resort to the judicious use of ribbing, the ribs being disposed 
on the sKde-block in such a way that the cross strains may be 
resisted by a cantiltver girder ; and we need hardly point on' 
, the importance of distributing the weight of the head as madi 
is possible, its approximate concentration in one point, which is 
not that of percussion, being almost certain to induce fracture 
elsewhere. 

The piston-rods appear to give way solely as the result of 
molecular deterioration. The iracture is invariably crystalline, 
and the metal brittle. This is jnst what might be expected bo 
cording to old tbenriea, and goes fiu to show that there is more 
force in these theories than is now willingly admitted. It ia, at all 
events, certain that a perfectly fibrous tough bar of iron may be 
converted into a crystalline brittle bar by a few months', or even 
weeks' use as the piston-rod of a steam hammer. In facl^ it ii 
impossible to get any rod to stand when the connections of the 
piston and the hammer-head to it are rigid, and direct. The ei- 
periment has been frequently tried, and has invariably ended in 
failure so far as we are aware. Therefore some sort of cushion, in- 
tended to arrest vibration, is now always introduced into the strik- 
ing column which has the piston for a capital and the hammer-head 
for a base. The best place for the cushion is between the slide- 
block and the piston-rod, and -various modes of applj-iug it will 
suggest themselves to our readers. The best material is hard 
wood. In Borne cases, however, the wood is interposed between 
the piston and the red. The rod is made with a fiange, to wbidi 
the piston is bolted, a disc of hard wood being interposed between 
the two. The breakage of rods, curiously enough, appeare to be 
.torially by the weight and shape of the piaton. Saw 



the ]>istDR doea not, under any circumstances, ve^h nearly aa 
much as tbe rod. Yet if it is made strong and stiff, the rod, if 
also stiff, ia certain to hreak after a very short time, whereas if 
it is niaile slight, and as light as possible, the rod will last for 
years. It is clear that the momentum of a heavy piaton moving 
at a high velocity is very considerable, and its sudden arrest must 
cause considerable strain; hut it by no means follows that the 
jiiaton of a steam bainmer can store up work enough to break its 
rod HO long as the latter is tough and fibrous. There is reason 
to believe that the presence of the piston tends in some way to 
induce crygtallization, and an investigation of the influence of 
mere form on the progreaaive deterioration of masses of metal ex- 
posed to percussive strains would constitute a very intureatiug 
and important inquiry, which we liope to see carried out ere long. 
As a rule the pistons are forged in one with the rod, and tbey 
represent a considerable mass, concentrated, so to speak, at one 
end of a slender column, at the lower end oi which it is to be 
presumed, vibration commences, proceeding thence to the top. 
No exparimenta on the effect of percussion on slender bars under 
Buch conditions have ever feeen carried out 

Pistons give way because their own momentum tends to carry 
them down after the rod has been brought to rest ; the rod, 
in point of fact, is driven through them. The remedy consists, 
not in increasing their weight with the intention of making them 
stronger, but in reducing it as far as possible, and thus imparting 
a certain amount of elasticity. Instances have been known in 
wMch broken and roughly patched pistons did duty for months, 
although the new pistons with which they were replaced again 
and again could not be got to stand The correct principle of 
cnnatruction is, beyond question, to concentrate all the weight as 
nearly as possible in the head, aiid to reduce the weight of the 
piaton and rod to the lowest limit. By adopting this course, and 
interposing an elastic medium between the head and the rod, 
breakages may bo avoided, and the expense of repairs reduced. 
Mere increase of dimensions will not impart strength. The de- 
teriorating influences with which the engineer has to deal cannot 
be oombflted by brute force. They must be evaded by the skill 
of the designer, not by the employment of great masses of metal" 

The same joamal has, under date June 12th, IS6&, KtL\V^.'a%- 



itrative description of a " Six Ton Steam Hammer,*' by Mes^re. 
Davy of Sheffield. 

" It ia patent to all engineers," aayH the writer, " especially to 
thoae who usa steam hammers eitenaivoly, and who thcreifore 
know from dearly-bought experience, that the ordinary ateam 
hammer has a voracious appetite. The weight of steam used Id 
the work done bears a greater proportion in this than in any other 
steam-driven engine, arising from the fact that the piston can 
seldom, if ever, complete its full stroke in ordinary working and 
the stroke must be made long enotigh for the maximum thick- 
ness of the metal to be forged, and the maximum blow to bo givBiL 
A variety of schemBs have from time to time been proposed to 

(remedy this defect, all more or leas impracticable, and have there- 
fore never been made available. The object is gained in tha 
hammer which we illustrate in a manner which is both einpla 
Uid ingenious. It is evident that if the amount of steam ei- 
hftusted at each stroke he represented by the capacity of that 
stroke, be it long or short, then it matters not what the length df 
the cylinder is. for a portion of the steam will be retained in it 
at the completion of each stroke equal to the differenea belmoi 
the capacity of the stroke produced and the capacity in front of 
the piston, and will be available for the subsequent stroke, "ftii 
is the principle of Mr. Davy's invention, which is carried out in 
f the following manner : — The valve establishes a communication 

■ ^tween the top and bottom cylinder, and if we imagine the 

■ piston to stand in the middle of its stroke when the blow to 
wjven, it will be seen that by lifting the valve steam ia admitted 
B.to lift the hammer. To produce the blow the valve is depressed, 
liUid in doing so steam first passes from the bottom to the top of 
pthe cylinder, thus filling the vacant space before steam enters from 

the steam-chest. On the other stroke it will be seen that the 
same action takes place, producing in this instance a saving of 
60 per cent., or one-half of the steam, which would otherwise b« 
wasted. 

For working single acting tho modus operandi is as fullows : — 
" e valve will be moved in an upward direction, admitting stettn 
D the underside of the piston, and when it has ascended saffi- 
" mtly high the valve wi!! be moved in the opposite direotioB 
»til the equilibrium ports in the valve are opposite ths porta in 



■nwu.] WBOIXmT IBON OBANES. 9W 

the valve casing; a portion of the steam which haa raised the 
hammer will then pass from the lower to the upper aide of tlie 
piston, eqoahzing the pressure on both sides, when the hammer 
will descend with a velocity due to graTitatiou, with the addition 
of the little extra pressure due to the area of the piston-rod. 
The steam on the under side of the piston at the completion of 
the stroke will be retained in anticipation of the nest stroke, and 
that en the top side will he exhausted. 

To work donble acting the valve is first moved as previously 
explained for single acting, hut instead of the valve being re- 
versed after equilibrium is established, its motion in the same 
direction is continued, thus opening the top steam-port to the 
steam-chest, and the bottom port to the exhaust. It will thus 
be seen that a portion of the steam is retained, when double 
acting — in each end of the cylinder — in anticipation of the sub- 
sei^uent stroke. Mr. Davy patents a variety of valves for tlie 
accomplishment of the above-described object. 

It will be seen that the hammer which we illustrate is of the 
ordinary form, but of larger proportions for the weight of the 
hammer than is usual The staudards are 12 ft, between in the 
clear; the cylinder is 39 in. diameter, and 6 ft. stroke. The 
valve, being in equiUbrium, is moved with great ease, and the 
gear for working it is of the simplest description. The piston is 
of the ordinary construction." 

61. Wnmght Iron Cranes. — " There is no species of construc- 
tion," says a writer in the ' Meciianics' Magazine,' under date 
July 10th, 1868, "that has better exempliiied the gradual aban- 
donment of timber, and its substitution by its now favoured 
rival, iron, than the ordinary crana The old upright post, the 
square jib, have, except in a few instances, yielded to the new 
material. Timber was in this instance^ as well as in many others, 
succeeded directly, not by wrought iron, but by its fellow, cast; 
and the smaller descriptions of cranes, particularly those of a 
moveable type, are mainly composed of that substance. The 
nature of the strains induced upon the various parts of a 
emne are favourable to the employment of cast-iron, and, what 
is more, allow of its combination with wrought-iron — a union 
by no means safe to attempt in the majority of instances. Sii^ 
at^ faHarea have attended the convbinaUon o{ ca;^ aa& 'vcd'o^'ii 
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■ iron, in the case uf gtnters, but they were, perhaps, i 
much owing to the tuiscientiSc manner in which the stniatuMe 
were designed as to any inherent iault in the material. At tiie 
saine time, although engineers understand at the present da; tbe 
subject of strains much better than the; did iu the infancy of 
raUroada, yet great care and precaution are necessary iit dealing 
with the two metals together. In a cast-iron crane, the post and 
jib will manifestly be of a cast metal, and tbe arm or tie of 
wronght-iron, and each will therefore be most suitable to resist 
the particular strain brnught upon it. Although there is no 
example of construction in which it is easier to detenniiio tbe 
amount of the strains, and to apportion the metal to resist, them, 
yet at the same time a crane works more within its safe load 
than girders or pillars. There are so many fortuitous circmn- 
stancea attending the working of a crane, that a large margin 
mnst be left for contingencies. The incessant jerks and violent 
concussions it is liable to, produce an impactive force that de- 
mands special precaution to be safely encountered. It is pro- 
bably for this reason that the employment of cast-iron has been 
confined, similar to the case of railway bridges, to tbe smaller 
specimens. A material of so well-known treacherous a natnn 
cannot be safely relied upon, where sudden and violent strains 
may be broaght upon it at any moment. Owing to the ciystal- 
line instead of fibraus condition of the particles, they are more 
disposed to separate under the action of an instantaneously-ap- 
plied momentum, and they are wanting in that elasticity ueces- 

, aary to enable them to resist strains of a tensile character. 

Wrought-iron cranes may, sirnilarly to girders, be constructed 

I either upon the lattice or the plate system. In the fatter, they 

■ * I reality belong to the tubular typa The principle of their 

Bsign is very different from that governing tbe ordinary ei- 

mples, and it is no longer a question of apportioning the metal 

P according to the relative duties of jib, tie, and post Those dis- 
tinctive features are lost, or, rather, merged in the general frame- 
work of the crane, which is made strong enough to withstand 
theb individual as well as joint influence. Mr. Fairbaim was 
the first engineer to introduce wrought-iron tabular cranes, which, 

kfay dispensing with the common arrangement of jib and li^ 
illowed more headway to the load to ba l\fl»i — a. great advBS- 
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tagc in the shipment of heavy bulky articles. The solid aides 
are, moreover, well adapted to resist thu sudden jerks to which 
B crane is constantly exposed. At the same time, lattice-sided 
craneB, or those in which the sides are braced together by open 
trellis work, have their advocates, They are lighter in appear- 
ance and cheaper in construction, but for yeiy heavy cranes in- 
tended to lift up to 20 tons, the tubular form is, upon the whole, 
to be preferred. It becomes difficult to adapt the diagonal bars 
ill the web to the form of the crane without multiplying them 
to an extent that eutrenches considerably upon the plate prin- 
ciple. Moreover, stiShees is one of the most essential qualities 
belonging to a crane, and although the strength of a structure 
is not necessarily a function of the stiffhess, yet they can be 
more intimately combined in the -solid than in the open web 
system. Lattice bracisg is admirably adapted for resisting 
(■trains, of which the amount and direction are accurately deter- 
mined, but should there exist any confusion and UDcertainty with 
respect to the manner in which they act, or the direction in 
which their components might be resolved, it is not fo safe a 
medium as its rival It was for this very reason that plate 
girders, or, more generally, the solid web system, was the first 
adopted in girder work, and for a long period prevented the 
introduction of the other type of construction. 

The strains upon the various parts of girders, especially upon 
the aides or web, were hut very imperfectly understood, at the 
best, in the infancy of railway biidges, and "the solid or plate 
girder offered a solution of the difficulty. Only make the sides 
thick enough, and stiffen them at intervals by extra strips of 
metal, and the strains might go in any direction they pleased. 
It was a matter of no moment to the engineer whether the 
girder was designed upon scientific principles or not, provided it 
was strong enough, and the requisite strength was ensured at an 
enormous sacrifice of material, a corresponding disregard of econ- 
omy, and in utter defiance of all accurate and mathematical reason- 
ing. The substitution of open diagonal bracing, where each bar 
acts as the direct channel or medium for resisting one strain, and 
for resisting one strain only, evidently was the result of the ac- 
curate application of theory to practice. To apply it thorou^hlY 
and anccessfuUj necesaitated a minute and acieiA\6.»L ijn'ssliA^- 
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jon into the whole question ul the theoiy of Btrains and the ds- 
tarminatiuiL of formula and theoKtical rules ta guide the deagsn 
in truly pruportionitig his matefiaL In a tnbnlar or bos crane, 
the cruss eeutions made in the direction of the radii of the dtfk^ 
.ent curves of which its form is composed, increase in size from 

I the top to the bottom, ami at« a maximum at the ground lintv 
vbere the leverage to fracture it is greatest. Equal care and dill 
is required in apportioning the sectional area of the different eee- 
iians of a tubular or of a lattice crane, for the time ia gone hj 
\rhen the strength of a structure was synonymoua with its weight, 
and size was the only standard of stability." 
62. On the Applicalion of Machinery to Coal Cuttirig. — The 
following is an abstract of a paper on this subject, read Ly Mr. 
John Femio of Leeds, before the Institution of Mechanical Engi- 
neers at Leeds; — "The objects to be gained by the application ot 
» machinery to coal cutting were stated to be — first, the cheapen- 
ing of the work; second, the saving of a laige quantity of coal, 
which, in the ordinary process of holing or undergoing by hand 
labour with the pick, ia broken up into slack and dust; thirdly, 
the removal of the danger attendant upon undergoing by hanJ 
labour; fourthly, the getting of a larger quantity of coal out of 
the pit; and fifthly, in the case of machines worked by com- 
pressed air, the collateral advantage of better ventilation and ■ 
L'COoler atmosphere in the mine, owing to the discharge of the com- 
Kpreased air after each stroke of the tooL The difficulties attend- 
. ing the application of machinery to work previously done by 
hand were said to be greatly increased in the case of coal-cutting 
macbinea by tlieir having to work at great depths below ground, 
and in the very conKned passages of a mine. The writer of 

tthe paper described two machines driven by compressed air. 
one having a pick worked by a. bell-crank lever, with an action 
like that of the ordinary pick used in handwork, and the other 
^forking a straight-action tool, somewhat in the manner of ■ 
horizontal traversing slotting machine. Both of these machines 
have now been successfully employed in regular work for a 
length of time in the neighbourhood of Leeds. One of the 
pick machines doea the whole of the undercutting at the West 

t Yorkshire coal and Iron Company's colliery at Tingiey, holdii^ 
& seam 3 ft. 8 in. thick, the ■^'mpwasei. «» {qi dtiviag it being 
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bplied bj an air-coni pressing engine at tlie Burface. In a trial 

intly made with tliis machine by the writer, it was found 

bt a pick of 75 lb. weight, cutting a groove to a depth of 24 

r from the face, gave about seventy -four blows per miimte. 

B coal at Tingley is worked by the pillar and staU system, 

'. the time occupied by the machine iu undercutting 'the 

_■"[ of 56 ft., forming one pillar, was twenty-five minutes. 

boding all stoppages. With n pick of 90 lb. to comuletti the 

■vious cut, to the depth of 3 ft 9 in. from the facfl, the blows 

e about Biaty per minute, and the half length of 28 ft. wan 

Idercut in seventeen minntes. The time occupied in running 

I machine back and changing the pick wa$ sixteen minuten. 

a these trials it appeared that iu undercutting to the depth of 

a single course the work done was at the rate of about 

irty square yards per lionr, and in undercutting in two courses 

' a total depth of 3 ft. 9 la, the work was done at the mean 

I of about fifteen square yards per hour, including the time 

uuning the machiuB back aud changing the pick. 

b other coal-cutting machine — which may be described as or. 

h hffrisoutal trayersiug slotting principle — is the iiiventiim of Mr. 

pnisthorpe of Leeds. The machine traverses along the working 

B of the coal, and cuts out a horizontal slot or groove along the 

D of the seam of coal, or along a parting in the thickness 

seam itself. The work regularly done hy one of these 

bhinsB employed at the West Kiding Colliery of Messrs. Popi^ 

[PearBon, at Normauton, is at the rate of eight to twelve yarils 

t hour, including all stoppages, and undergoing the ooal to the 

e depth of about 3 ft. * in. in from the face. At the same 

Biery the work done by each collier by manual labour is about 

I yards per day of eight hours, undei^oing to a depth of 3 fL 

"pom the face. Tlie machine, therefore, performs the work of 

a twelve to eighteen men. Tta operation has been found aii 

easful that it was being employed for a very long continuous 

feof work, and the different parts of the mine are being laid 

out, as far an possible, for working according to the long-wall 

system for the purpose of obtaining the greatest advantage from 

the u£e of the machine. With great clearness Mr. Feniie showed 

)iow the machines to which he referred answered the ref^uiremeuta 

referrcl to in the intimiaetory parts of his papQT." 
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53. We take from the 'Scientific American" a number of aitid* 
as follows: — (a) The Hanijin^ and Care of Shafting. — "'We be- 
lieve there ia less care bestowed, and lees Gouiid judgment tsm- 
oiaed, upon the hanging and after care of shafting than upon auf 
other means used in applying power to inonubclaring proceasK 
If the water wheel or the steam engine ia in good order, perfon 
ing its work properly, and the machines driven by ii are also ig 
good order, not a thought ia bestowed upon the media between 
the autuating power and its ultimate development, except tb 
necessary attention to the belts and the oihng of the ahait joiw- 
nals. Yet it is frequently the case, when the result is not aUii- 
factory, that neither the driviTig power nor the machine vUeli 
furnishes the product is at fault, but, if the result is not adeqmlc 
to the cause, the reason may be found in the shafting or otbtf 
intermediate transferrers of the power. Generally, in such a M 
the bolts are datnined, and their condition assumed as a reu 
for the imperfect transmission of the power from the prime mowr. 
The condition of belts is a very important point in all manutie- 
turing processes where power is used, and attention to theni iriU 
save many dollars in the course of a year ; but there are other u 
important elements which are sot always taken into consideralioa. 
One, and the principal one, ia the condition of the shafting. A 
line of shafting running perfectly true, without jumping or jflA- 
ing, turning smoothly and noiselessly, is a delight to the mechan- 
ical eye. The first thing examined by a thorough mechanic whun 
he comes into a manufactory is the shafting. If the line r 
true and the pulleys do not 'wabble,' the boxes do not exude oil 
at their ends, and there is no ratthng or grinding, be says at i 
' who ever hung thin shafting !knew bis business.' 

A building for the reception of machinery should be erected 
with a view to its intended use. The walls ^nd their foundntioiu 
should be strong and rigid, and the timber sound and well m 
suned. Fragile frames of imperfect lumber standing on insuffiraent 
foundations are costly receptacles for machinery. Shrinking tnd 
springing timber and settling witjla cannot give the Decessary EBp> 
port to the machinery, nor allow the reduction of friction to ttt 
minimum. In such rattle-traps a Una of shafting will not retain 
its place twenty-four hours consecutively; a large proportjonn' 
the power employed ia lofA vn ovBrcomW^ rnicficeasarf frirtioa. 
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and the r unn ing lOBchinery rapidly deteriorates. When the 
araonnt of loas of power by friction exoeeda twelve per cent, there 
must be a ' screw loose ' somewhere. 

Bnt the reason of unsatisfactory running of shafting is not 
always its location iu an improperly constructed building ; eome- 
Limea those who bung it did not know, ur, at all eventa, did cat 
ilo their business. It is one of Ibe most delicate jobs of the 
millwright, and requires not only experience and skill, hut Jiscre- 
tion and good judgment. Where the shafting ia supported by 
bracket boxes on posts, a chalk line should be alretched and 
marked on the posts to represent the top and bottom of the 
brack'jia or the ceutre line of the shaft. The st^ of the cord, if 
the liue ia long, should be rectified by the eye aided by a water 
level or similar adjusting iustrument. A wooden straight-edge 
of well-seasoned board, long enough to reach from one box to the 
next, and of uniform width, is useful for levelhng up the boxes. 
It is to be used on edge, one edge resting in the boxes and the spirit 
level placed on the other. Soine millwrights provide themselves 
with iron cyliudiical pieces of different diametera to fit various 
sizes of boxes, turned true and having a small hole drilled accu 
rately through the contra These pieces are about six inches 
long, and being laid in the box, the cord is passed through the 
hole and etretehed over three or four lengths of shafting. In 
practice, however, we have preferred the straight-edge, which is 
rigid, and offers a support to the spirit leveL After all, the me- 
chanical eye is the best test of line, although not of level 

When hangers are used the chalk Une should mark the centre 
of each hanger, or a line directly over the ceatre of the shaft. 
The flouring beams to which the hangers are to be secured, if of 
unequal depth or thickness, as is frequently the case, should bo 
dressed to a level. Where shima are necessary they should be of 
rigid wood, well seasoned. We naver found anything equal to 
rived cedar (not pine) shingles, which are almost as hard as bom. 
The bolt heads for suspending the hangers ought to be of 
flattened convex form, upset from the bar, and perfectly sound. 
A goodly-sized washer should be inserted under the bead and 
recessed into the floor. Where it is necessary to place a hanger 
directly to the floor planks, there should he a piece of seasoned 
plank, at k'ost twice as long as the spread oE t\ve ^^sn^et V^, 
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firmly bolted to the floor, on tlie under aide of con 

prefer t^ screws or coacli screws to bolts for securing hangei^ 

and til say the trutli, their liold is exceedingly tenaoiona; wa 

never knew one to draw. The liole for their reception, however, 

should not exceed in diameter tlie size of the screw less the 

thread. 

One common fault in hanging shafting is spreading the hang- 
ers or hrackets too far apart. A iengtli of shafting should nut 
be so insufficiently supported as to sag in the slightest degree, 
if it does it will spring wlien in motion, and ereate a large amount 
of friction in the boxes. The hangers should also he located with 
reference to the weight supported on the shaft; a heavy pullej. 
or one tlie belt of which sustains a great strain, should be sup- 
ported by a box or boxes in close proximity. To accomplish tbi« 
. it is of course necessary that tbe position of every machine should 
have been determined before tbe shafting was hung ; a couipeteut 
millwright can do this; one that cannot malte a plan and car^ 
out its details is incompetent. 

The shafting properly hung and the machinery in opeiatUHi, 
the line should be inspected once in every two or three weeks, 
the hangers or brackets adjusted, if out of line, and every defect 
remedied. This is necessary with the best hung shafting and in 
the best building, if the ecounmy of power is worth, looking after/ 
for there are so many disturbing causes aSectiug the integrity of s 
line that it is impossible fe) depend upon long continued accuracj 
ntdeaa constant attention is given to tbe condition of tbe sliafdng. 
A box slightly out of line or level will absorb a large amount of 
oil yet be continually bot, waste power by unnecessary friction, 
and grind and cut the shaft. Attention to these mattera will 1m 
found to pay at the end of the year," 

(h) Stwfiing and Baits — Aheorjition and Tmnsmiesian ^ 
Poteer.'-'" The renting of fiow^er for driving machinery is in man/- 
parts of the country as common as the renting of habitations and 
places of business ; but while the value of the yearly amount ts 
be paid for the latter can be eiLsily ascertained and fixed, from tbe 
known cost of the premises, this or other sufficient data are want- 
ing in regard to the amount of power used. Where that power i« 
ample and cheap, as in a constant and sufhcient water privilege, 
tbe aiiioutit of rent paidmaj Vic of \\l\i\«. coT>««(^i£.Mee^ bnt 
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all the power must be generated frocn fuel and transmitted by tlie 
Bttiom engine, it bocomes a matter of groat consequence to tbe 
proprietar. Only the crudest meuna are at present available to 
ascertain tbe amount of power transmitted by puUeys and belts. 
So many conditions are to be considered that the constraction of 
a set of rulea for calculating the amount of power, in all cases, is 
eimply impossible, Not only the width of the belts, the dia- 
meter of the pulleys, and tlie relati^re position of the shafts, but 
the condition of tbe belts and the velocity of the shafts, must bu 
taken into consideration, together with the peculiar circumstances 
which every separate case presents. 

It is well known that the closest mathematical calculations, 
losed on the style of engine, diameter of cylinder, length of strolte, 
velocity of piston, pressure oE steam, and other points of a steam 
engine, fail to give accurately the amount of power tbe machine 
may develop. The actual trial by means of the indicator in the 
hands of a skilful maui|ju]ator is the only reliable test. From 
one of the best— if not the best^— masters of the indicator in this 
country, we learn that en^nea cal<;ulated by their builders to 
give a certain amount of power often so signally fail of achiev- 
ing the result desired, that in ona recent instance an engine 
calculated for aixty-horse power had run for months yielding less 
than twenty-six horse power ! The indicator showed tbe fact, 
and the experience of the operator detected the fault and pointed 
out the remedy. 

Now if in a machine constructed with such cars and skill as 
llie steam engine such a wide difference should be found between 
liie calculated and indicated horaa power, what diffarence should 
we not expect, when the test is applied to a cose presenting so 
many points of possible variations between the intended and real 
amount of power as that of belt transmission 1 And it is the fact 
that in very many eases the proprietor of steam power, knowing 
the actual [lOwcr of his engine, finds that letting for hire wbot be 
deema is one-half of that power, bis tenants are absorbing nearly 
the whole available power. The rough method of calculating the 
amount of power delivered or transmitted by the width of driven 
belt — a plan which was common enough a few years ago, and 
may be so now — is as ridiculous and as far from the truth as tba 
formula of tlie aatronainical instructor who tawg^it^v^ ^'>j,'^'^\gl 
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estimating the distance of the fixed stars from our planet, to 

'guess at the distance and multiply by foar;' or as aociirateu 

tlie man nho took the measure of a door opening in a house bt 

wa? building by mcasiiring it with hia outstretched hands, and 

rushed to the door maker with his hands held in position. 

Scarcely less nnnsensical and foolish is the plan of charging for 

power to drive a wood-turning establisliment, with its lathes K- 

volving at the rate of thousands of revolutions per minute, at the 

me price per machine ae the machine shop with its eqaal nuni- 

r of lathes and plainers revolving at a very low rate of speed. 

Tet we have seen, very lately too, a case of this character, where 

IT of an establishment actually rented power fur a wood 

worker — sawyer and turner — at a lower price per machine than 

he charged a machinist, and then wondered how the povirr of 

his engine coald he so absorbed. ' Wood,' he said. ' was eanly 

worked; it must require more power to drive a lathe tumiug 

iron than one turning wood.' In this statement he plainly 

showed his want of knowledge of the simplest principles of m»- 

Telocity is a great absorbent of power, and when a 

shaft is run at a rapid rate the very friction of the shaft is a 

serious drawback to tlie amount of power it will transmit mat- 

pared with the amount received. To get the best results Svm 

belts they should not ho driven more than thirty feet per second 

eighteen hundred feet per minute j yet they are often dtiTBU 

a much higher rate. There is a limit to the effective cohedan 

of bells to pnlley faces, a fact, we are sorry to notice, some of 

iiir best mechanics are slow to acknowledge, or, at least, to put 

in practice. 

A belt running horizontally — not crossed — will, withoot excw- 
eive tension, deliver more power than one of the same width aiid 

I weight running vertically. This every mechanic kmiwa. It will 
also run easier. So with belts in other positions and under vaiy- 
ing circumstances. It is evident, therefore, that calculations of 
the power transmitted by belts, lased exclusively on their width, 
will not be reliable under ali circumstances, 
from a letter before us we learn that by the trial of a dj- 
uamometer, alreaily patented and now in process of repeal^ 
and extended trial, the rej-ults of its trinl have surpriseil 
tnd disgusted the hirer* and vmeia. lu i trial whero il 
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wea tested by tbe ninat elaborate ami exact expenmentK, 
in <iae case it was found that it Eiiowed a diHtirence of 
one hnndnd and twenty-five pur cent between the amoant 
of power used and tbftt actually paid for, in favonr of the pro- 
prietor. ' Few,' he says, after many trials, ' imagine the amount 
of power ahaorbed by rap idly- driven shafts.' Wo hope his en- 
deavours to construct a dynamometer, which may be applied 
under all circumstances, and give reliable results, may be succeat^- 
fal It is much needed.'' 

(c.) Ailhasifin of Leather HelU to Cast Iron Pulleys. — " In 
the Jniinary and February nnmbets of the Journal of (lie Frank- 
lin Iiulituie are two articles on the above subject which present 
some tacts of value to mechanics and others who employ belts in 
the tranamisHion of power. The facts given are the result of 
numerous experiments made by Mr. H. E. Towne, at tlie sugges- 
tion of Mr. Robert Bri^, and although begun and conducted 
without a knowledge of those made by Gea. Moriu and MM. 
Poncelet and Prony, the results of which appear as a translation 
in Bennett's Morin'g Mechanics, it adds to their value to know 
that the results of these independently conducted experiraentfl 
>ire virtually the eame. The fact that not only the butta in whicV* 
the lacing holes are punched, but even the splices are the wealc- 
est portions of the belt will surprise many who regard the latter, 
when properly made, as the strongest parta From the manner, 
iiowever, in which the experiments were conducted it would seem 
nseleas to attempt a dissent &om th« results as presented. 

The report says: Tbe experiments were made with leather 
belts of three and six inches width and of the usual thickness — 
itbout ^fltlia of an inch. The pulleys used were respectively of 
1:2, 23|. and 41 inches diameter, and were in each case fast upon 
their shafts. They were the onlinary cast iron pulleys, turned 
on tbe face, and, having already been in iiso for some years, were 
fair representatives of the pulleys usually found in practice. 

Fbtperiraents ware ma<le first with a perfectly new belt, then 
with one partially used ftnd in the best working condition, and, 
llnally, witli an old one, which had been so long in use as to 
liave deteriorated considerably, although not yet entirely worn 
out. The adhesion of the belts to the pulleys was not in any way 
iiillaeiiced by the use of unguents or by wetting \.\icm — ^*.\\fe ■&«."•■< 
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ones when uaeJ were jusl in the condition iu which the; wen 
puFohosed — the othera in. the uau.il working condition of belte n 
found in machine aiiopa ami faetoriea — that ia, they had bon 
wkII gruased and were soft and pliable. 

The manner in which the experiments were made « 
fullijw.s; — ^The belt being suspended over the pulley, in tin 
middle of its length, weights were attached to one side of thi 
hfit, and iiici'eaBtd until the latter slipped freely over the puUef J 
the final, or dipping weight, -was then recorded Next, 5 Ibi 
wpre suspended on each side of the belt, and the additional wdgfat 
rei]uired upon one side to produce slipping ascertained as I 
and wcordeiL This operation was reiieated with 10, JJO, 30, 40^ 
and SOlba., snccessivelj, suspended upon both sides of the bell 
In the tables these weights, pluji half the total weight n! On 
b«lt, are given ea the 'equaltzuig weights' (T^ in the formula], 
and the additional weight required upon one side to pioduo 
slipping, is given under the bead of ' unbalanced weights- ' l3a 
latter, plus the equalizing weiglit, gives the total tension on th< 
loaded side of the belt (Ti in the formula;). 

Tlie belt, in slipping over tbe pulley, moved at the rate uf 
about 200 feet per minute, and with a constant, rather than in- 
creasing, velocity ; or, in other words, the final weight was 
as to cause the belt to slip siuocthly over the pulley, but not 
sufficient to entirely overcome the friction tending to keep tbe 
belt in a tttate of rest. In this case (i. e., with au exc^siia 
weiglit) the velocity of the belt would have approximated to that 
uf a falhng body, while in the experiments its velocity was much 
blower, and was nearly constant, the friction acting precisely as a 
brake. By bi:ing careful thab the final weight was such n 
produce about the same velocity of tlie slipping belt in all of the 
experiments, reliable results were obtained. 

It became necessary to make use of a weight such as would 
produce the positive motion of the belt described above, t 

found impossible to obtain any uniformity in the results 
when the attempt was made to ascertuin the minimum v 
'hich would cause the belt to slip. With much smaller weighK 
7nie slipping took place, but it was almost inappreciable, and 
could only be noticed after the weight had hung for i 
minutes, and was due very proliably to the imperceptible jarring 



of the building. After essaying for some time to conduct tlie 
I'xperimoQta in this way, and obtaining only conflicting and uii< 
satisfactory results, the attempt was abandoned, and the experi- 
ments made as first described. 

In this way, as mny be seen, results were obtained which 
compare together vary favourably, and which contain only such 
discrepancies as will ulways be manifest in experiuienta of the 
kind. It is only by making a, graat number of trials and aver- 
aging their results, that reliable data can be obtained. 

The value of the co-efficient of friction which we deduce from 
our experiments, is the mean of no less than one liundred and 
sixty-eight distinct trials. 

It will be noticed, however, that the co-efficient employed in 
the formulas is but gix-tenths of the full value of that deduced 
from the experiments, the latter being 05853 and the former 
04229. This reduction was made, after careful consideration, 
to compensate for the excess of weight employed in the esperi- 
menta over that which would just produce slipping of the Irelt, 
and may be regarded as safe and reliable in practice. 

A note is made, over the record of each trial, as to the con- 
dition of the weather at the tima of making it — whether dry, 
darap, or wet, — and it will be noticfid that the adhesion of the 
belts to the pulleys was much affected by the amount of moisture 
in the atmosphere. It is to he regretted that this contingency 
was not provided for, and a careful record of the condition 
of the atmosphere kept by means of a hygrometer. The ex- 
periments indicate clearly, however, that the adhesion of the old 
and the partially used belts was much increased in damp 
weather, and that they were then in their maximum state of effi- 
ciency. With the new belts the indications are not so positive ; 
but their efficiency seems to have been greatest wlinn tlie atmo- 
sphere woa in a dry condition. 

^Experiments were also made n\<on the tensile sttengtb of belts, 
with tlie following results : — The weakest parts of an ordinary 
belt are the ends through which the lacing holes are punched, 
and the belt is usually weaker here than the lacing itself The 
nest weakest points are the splices of the several pieces of 
leather which compose the belt, and which are here perforated by 
the holes for the copper livete. The strengths oi \.W iivn wA 



Wii belts worp fimnd to be almost ideiiticiL The 
§^of the triah is or foUo-wa : — 

Thrm-mcli belts broke throngh. tbe Uee liot«a with GSSltn- 

„ „ ., rivBt „ 1,1M „ 

„ „ ,, „ Bolidpart „ 2.025 „ 

These give as the Btrength per inch of tnidfh .■ 

Wlien the rnptnre ia thTongh the lace holoa llOllo, ' 

,, ., ,, riVHt „ ..._ 381 ., 

„ ,, ,, solid part 87S „ 

The thlckitcBB being ^incli (^'219), we have as the tensile 
slrength of the leather 3,086 lbs. pet equare ineli. 

From tbe above we see, that 200 lbs, per inch of width w 
the ultimate reaistaoce to teariag that we can expect fmta otdi- 
nary belts. 

The experiments herein deRcribed are strikinglj corrobo* 
tive of thoae already on record, and this gives increased assntanoe 
of their reliability ; and, althotigh there is nothing novel either 
in them or in their resnlta, it is hoped that they will prove of 
interest, and that an examinati«n of tjiem will lead to confidence 
in the fotmuls which are based upon theui," 

(rf) The Dinmond Point Tool. — "No apology is deemed 
necessary for offering an article on this important tooL "When 
properly made there is no too! more satisfactory, but in practiM 
it is quite cKceptional to tind a good one. Hence it in to be 
inferred that the principles of its action are not completely undw- 
stood by all turners and tool dresBers. 

To begin at the beginning, the tool should have the proper 
inclination forward for the lathe, and the work on which it is to 
be used, a tool for a light lathe and for small work requiring 
more inclination than one for a heavy lathe and targe work, and 
a plainer tool but little inclination. These points, however, are 
coiumoiily observed. 

The next thing is to put the cutting side in ite proper an- 
gular position. Fig. SO is a horizontal section near the point fi 
a good tool in cutting position, and fig. 6 1 likewise of a bad nna 
The tools are supposed to he for feeding to tlie left, in the ordi- 
nary way. The comer I, is the leading corner; 2, is the catting 
corner; 3. the following corner; and 4, the back comer. 1, 2, 
B the cutting side. 



THK DLAMOSDPblirp TOOL. 
Fig. iO. Fig. £1. 




forging the tool the cutting side should be made to 
at a Bmall angle witli a horizcmtal line in the direction of tlie 
led, as in lig. SO, not a large one as in (ig. 51. In other 
[3, its position must be a little removed from that of the edge 
nf a straight side tool, but there must he some angle, otherwise 
ihn tool ceases to be a diamond point, and becomi-s a half dianiond. 
Mil must be inclined to the left to give it clearance. A true 
Jiifflond point should not be so inclined, hnt only forward. 
Tims, it appears that the cross section of the part dniivn out to 
['irm the tool should be a rhombus or diamond, and not a rect- 
ftiigle or square, in order that the cutting side may not form too 
great an angle with the transverse line. 

The reason why a small instead of a great angle is required, 
becomes obvious thus: In setting the tool, tlio point must be 
elevated to such a height as will give it the proper clearance, 
'file clearance of the pointed and the clearance of the cutting side 
11* two things, and the tool niuat be ao formed that the cutting 
tide will have its proper clearance when the point is elevated to 
liiB right height. 

The shape must be such that the clearance of side and point 
mil coincide in one position. When the angle of the cutting 
iide is too great, the elevation of the tool afl'ects ton much the 
(learaiice of the cutting sida If it was made with no angle, but 
■traight like a side tool, it is plain the elevation would not atfect 
the clearance of the side at all, but only that of the point. The 
final adjustment is made hy turning the tool in the tool-post to 
the right or left hotn a straight position. 

The tool being forged it must be properly ground. The dia- 
Jiiond point is a wedge for separating two portions of metal. Of 
course a thin wedge operates easiet than a thick or blunt one. 



There ia less disturbance nf the uiolecules ot the metal remnveil 
in the chip, consequently less lieat, and the tool is not theraby 
burned away. It is nut uncummun for a good tool to stand » 
whole day in turning wrought iron with a heavy chip and &st 
speed, without simrinjiiing, except with an oil stone, in poaitioo, 
and making continuous spiral chips to the last. 

As this wedge is a powerful one, there is a tendency of the tool 
to move forward in the direction of the feed, which is performnl 
with little power, so that the tool is liable, with improper luan 
agenient, to spring into the work and break. This is whit 
friglitens many workmen from using thin tools, hut if properiv 
made and handk-il, tliero is no danger in using very thm toold 
Some men. in attempting to grind a tool thin, grind the luck 
comer low, but this does not make a tool thin, at least, not tluu 
to any useful purpose. It makes the point slender and U'eak,») 
that it breaks off; then they are disgusted. 

It is the following corner (marked 3 in the cut) which mu^t 
be ground low to make a good thin tooL 

In a plainer tool, the back comer, and necessarily the Icadii^ 
corner, ^ould bo left high compared with the cutting corner, to 
[irevent the tool springing down bto the work, and also to 
strengthen the point. In a luthe tool the leading and buk 
corners may be ground somewhat lower. If left anfBciently hi^, 
the tool will make left hajid spiral chips. It is best to grind 
these corners low enough to make straight or right baud ipinl 
chips. In all cases the following corner should be ground lov. 

To grind a diamond point properly and easily, it is weU to 

know the best place on the grindstone to apply it. The pliiM 

recommended for grinding a tool according to these principles 

■ ia shown by the cut. This is for a right hand tool, or on 

Fig 52. 
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lifted to the left. The too! ia to be held in nearlj a horiimtital 
(.iisition. To grind the back corner higher, of course the back 
end of the tool is held more to the right. I think any one who 
tries it will a^Tee that thid part of the grindstone peculiarly 
facilitates giving the form to the tool which has been 
mended. The ugliest ground tool is here speedily brought into 
comely form." 
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, Notices of Recent Improvements in Iron and Ii-on Making. 
* Professor Xunner," says the editor of the 'Practical Me- 
chanic's Journal ' of October, 1868, " states in a Report upon 
improvenienta made in the production of pig iron 'as evidenced 
at the late Exhibition at Paris of 1867,' that be could not find 
in the Exhibition much technical progress. The enla^ement of 
the blast furnaces in their height and diameter appears to be 
still the object of trials on a k^e scale in England. A fur- 
nace above 80 feet high has been erected in the last year in the 
Cleveland district in England (Messrs. Morrison's, wa believe), 
and the results obtained, as regards the consumption of fnel, 
liave been much praised; but such bard coke and such coarse 
a^regates of ironatones as are worked in that district are not 
to be found again soon, Dor everywhere. These results can, 
therefore, perhaps only be considered as very iniportant locally. 
The diameter of the furnaces at the bottom appears to have 
reached in round furnace cavities to 7 feet diameter as its present 
limit, although that again widens itself (luring the working ot 
the furnace, and yet is found still safe and right for use up 
ti) 8 or 9 ft. diameter, A diameter of 6 feet at the bottom is 
ihs general measure for the larger furnaces, and especially for 
those which are used fur tlie lower uumbers of pig iron. An 
acknowledged progress has been ma<le, and is still becoming ex- 
tended in application, in the beating of the blast to the highest 
passible degree. Even the coke -consuming fumacee, which are 
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supplied with a cast-iron blast-li eating apparatus, blow with «ir 
heated to 300° or 360" C.,; but tlie blast 'beating apparatoa ouu- 
btructud upon the principle of Siemens' regenerator, of wiiich 
there is alao one in use at Friedrich Wilhelmahtitte, near Sieg- 
bnrg in Westphalia, affords a still higher temperature, and woaiii 
be more generaUy employed if their maintenance had not been 
found BO far subject to bo roany interniptiona and repurs, 
arising mainly from the interior lodgments of duEt upon 
brick heaters. With the high temperature of the blast is 
only connected an enlargement of the furnace at the boUuin, 
but at the same time a narrowing of the furnace mouth, and atsn 
with the complete disappearance of the boshes, whence boa bwn 
attained the further advajitage of a, regular descent of the chuge 
in work, Tlie English and Beotcli furnaces distinguish thsm- 
selves in that way before all other ones. Models of blast ht- 
naces were exhibited in the French, Prussian, aod Swedish de- 
partments. In the former ones was more particularly sliowu tlw 
methods adopted in France foT catching and utilizing the gasts- 
The methods used for the chat^g were also shown, withnnt, 
however, according to Tuniier, representing any innovation woilh 
imitation. One rather compltx, but ingenious and prol»b!j 
effective method, for constructing the furnace top so that the 
charge should be fed in with perfect uniformity all round, uxi 
that at no moment should any feeding aperture permit the escspe 
of gases, exhibited by France, does appear to us to merit some- 
what warmer praise. The furnace model of the brothers Biitt 
genhach, in Neuss (Kheuish Prussia), Tunner deems the uw* 
insttuotive one ; very original ia the distribution of the gag, which 
appears to be effected through tive hollow cast-iron columns, wliidi 
carry also the broad circular crown beam upon which the bricli- 
work above the fnmaee mouth rests, and which is only etrenglh- 
■ened by iron hooping instead O'f by a mantle of boiler plate. Tl» 
fornaoes built during these last years on the Continent are geo* 
eratly ccmstructed alter a Scottish pattern, that of the so-calleil 
boiler-plate mantle-furnace {Blechmantelofen), m ' cupola' as £w- 
qnently cbUbiI by us; but as regards the cost, Tunner consiJBB 
there is nothing saved by that In thecountiy of Siegen {Wot- 
phalia), where most of the new furnaces are also cooBtracted ttiiu, 
:«« many are alsoin Cleve\a.nd t]loT^A'.\t^«.\A\-&C\nol»riaDd,te 
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a rather large faniace, the plate niaatla, with the ironwork at the 
furnace mouth, rcq^uires about 100 centners of plates (20 tons, 
nearly, English), the price of which, including the fitting-np, will 
be about 6j thaler3(19a.) per centner. The caat-iron cill plates 
upon which the mantle rests, and the supporting columns, weigh 
between 700 and 800 centners, costing 3 thalers (9s.) per centner. 
The outlay for one of these mantles will be, therefore (without 
the brickwork for the foundation), nearly 8,000 florins (£800) a 
price for which almost in all localities a brick-built mantle could 
be obtiiined. A plate-iron mantle or cupola furnace is, perhaps, 
under certain circumstances, more <lesintble, hut it is queatioiiable 
whether it is free from inHuenci.: in producing loss of heat by 
radiation and erection. If a furnace, therefore, ia to he erected 
for permanence, and if, eapeciallj, the price for the fuel to be 
employed ie very high, a brick-built shaft is. in Professor Tuu- 
iier's opinion, to be preferred before the plate mantle or cupola 
furnace. 

Kaschette's furnaces, which appeared before the public some 
years ago at the London Exhibition of 18C3, have only been 
exhibited in the Bussian and Prussian departments. The model 
in the latter one from the Hartz foreat was destined only for 
lead-smelting. It appears, therefore, that Raschette'a furnaces 
for the production of pig iron have not been adopted ia prac- 
tice except in Kussia, fur which the principal reason may be their 
alleged failure on trial at Aubel's works near Muhlhanaen. 
Tunner, however, has been assured by a Ku3siau engineer, that 
these furnaces give in Russia good results when worked for the 
production of white or mottled pig irons, though not for pro- 
ducing gray pig iroa Assuming the correctness of this state- 
ment, Tunner finds a reason for it, mainly, in the small height 
.if the furnace. It is right to add, however, that the editor of 
the Berg-geint states that in Ruasla a series of furnaces after 
Ka^hette's system (he enumerates ten of them) are at present 
worked with perfect success, not only fur gray, but also for white 
and mottled pig irons. The above-mentioned trial by Aubel, 
he states, had not taken place at Mnhlbausen ; but a furnace 
arrangement which had been executed in all its parts at Muhl- 
heim, near Cologne on the Rhine, and upon the design, at ttit 
iiaschetle taniaae, was erected there, cmd. haA 'uoV ^"^s^ a^. «. 
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furnace, for a great number of eiigineers, amongst whom biM 
been some of the first fumac«-iuen of our time, hail appraved 
its working as good, and had remarked the most eatisiactoiy 
products of metal from it; but certainly the limited liability 
company who owned the furnace had failed after the time tliU 
their engineer Aubel, who was the repi'csentant of Genets! 
Bascliette, and who built the wliole of tlie works. Lad been 
removed from the management. AubeVa trials at Muhlheim, 
therefore, cannot lie considered at all in any technical n 
nor as proving anything disadvantageous to the Kaschette fll^ 
nace, as to which we may add tliat very little is so far accumtelf 
known in this country. 

The following recent statistics as to iron making in France at 
not devoid of interest, as showing the aliiila to wLioh iron r 
there are driven by scarcity aiid deamess of fuel, and jet how 
ably and well they meet tlii- <3eficiency; — 

The total production of oharooal-made pig iron for 1867 ii 
France is estimated at 177,30Q tons; of pig mude with two com- 
buslihlea, 78,700 tons; and of pig made with mineral eom- 
bnstible, 886,800 tons; showing a total of about 1,142,600 
tons, of the value of ^4,805,800. In 1866 the production rf 
charcoal-made pig attained a total of 213,000 tons, while thtt 
of pig made with two descriptions of combustible was 89,900 
tons, and that of cuke-made pig 950,300 tuns, abowing a totil 
of 1,253,100 tons. The decline in the production of pig il 
France this year is thus estimated at 1 10,300 tons. The FmwL 
production of charcoal-made irun this year is estimated at 41,701). 
tons; of iron made with two combustibles, 23,400 tons; am) of ; 
coke-mode iron, 735,900 tons; showing a total of S01,0W 
tons, of the value of £7,393,880. If we compare these t " 
with those for 1866, we iind a diminution of 8,700 tons t^ 
the quantity of charcoal-made iron, a diminution of 4,700 toA 
in the quantity of iron made with two combustibles, and an 
crease of 2,500 tons in that of coke- made iron. 

The result goes to show, on the whole, an increase in I 
eapply of good coal fuel and cnke, and to support the long-knOwS 
increased and still increasing Ncarcity of chanioal. This viewi 
further supported, perhaps, by the failing off for the Inat thtl 
yeare in the importation oS IEav^xAv coA\T.'»'¥«Lt,'a=. Thegi 

^1^ ■ 



BletlBB.] IROH-MASING IN 1887 ASD 1SS8. 28P 

era) dimmutioii in tlie make of French iron, ia to be accounted for 
by fiscal cauBea, in which we in Enghind have etill more severely 
pftTtieipated — Ed." 

55. Iroii-Muking in 18G7 and 1868. — From a detailed paptr 
in the ' Engineer,' under date January 10th, 18C8, we extract 
the following paragraphs; — " The manufacture of pig iron has 
uadeigone considerable change in its localization within the last 
ten years, and tlie proceaa of change liaa been going on in a 
TDarked manner during the last year. The older districts have 
beea reducing their make of pigs, finding themselves unable to 
euiupete with the newer centres in the production of cheap iron. 
Thus, we find that in Scotland, South StaSgrdsbire, and South 
Wales, a large number of blast furnaces have Iwen blown out 
On the contrary, in Cleveland, and iu Lancashire and Cum- 
berland, there has been an increase of prn<lucing power. The 
num'ber of blast furnaces has been extended, and in addition to 
this many of the smaller furnaces have been replaced by others 
uf much greater dimensions, and capable of making large quan- 
tities of iron. 

It is noticeable that a gradual improvement has taken place in 
ilii? ganeral nature of the operations connected with the manu- 
Iiicture of pig-iroa. In Staffonlahire increased attention is being 
']>:voted to the utilization of the waste gases. Calcining kilns are 
i'l places superseding the open mounds until recently universally 
lioptod. Locomotives are being more extensively introduced for 
tliu haulage of materials about blast furnaces; and the conse- 
inence is that the average production of even the small and in- 
")ii\enient furnaces of the older districts is being considerably 
:iji:reased. In certain districts manufacturers still persist in ad- 
iiering to their old wasteful methods of manufacture; but it is 
'liicir that if they expect to compete at all successfully with the 
lirjwer furnaces, they must adopt all the improvements that can 
lui made appKcable to their plants. 

Tiiere is not much improvement to report in blowing engines. 

Several modifications have been introduced by different engineers, 

but many raannfacturera have a strong preference for the old - 

^'■■■hifmed beam engine, which generally does its work very aatia- 

' 'rily. There is no reserve power, however, as a mle, and 

ci; stoiipages occur when anything interferes with the wott- 
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ing of 3 single engine. By using smaller engineg with quicki 
motion it is easy to have one always iii reserve, without menu 
ing the engine room or expenaa very much. The new enpni 
at the Teeaide Ironworks are very compact, and work amoolh! 
and well. Great attention continues to be devoted by hkst fa 
nace engineers to the heating stoves for raising the temperatui 
of the blast At the present time the temperature of the bl 
is generally from IiOOO" to 1,300°; bnt a greater heat eventhi 
this IB obtained from WhitweU's ' hot-blast ' stove, the main ft 
tures of which are its regenerative character, the ease with whii 
the flues are cleaned out, and the high temperature obtaine 
Mr. Player in his stove lirst bums the gas in a separate combit 
tion chamber before allowing it to come in contact with the pip 
tlirongh which the blast is conveyed 

It is well known that sulphur and phosphorus are moat del 
turious ingredients in pig-iron, and effectually preclude its o 
version into Bessemer eteeL The varieties of iron made from tl 
ironstones of the coal measures or secondary ronka generally K 
tain a rather high percentage of phosphorus, derived from oi 
remains. The high price which iron suitable for the £ 
stsul manufacture commands has caused great attention to be d 
voted to the purification of iron from the above-named element 
It baa been proposed to effect this by the admixture of oertft 
mineral substances with the ordinary blast furnace charge ; b 
this has been found an expensive process, and has not been SO 
cessfuL There have been also several propositions made for ll 
purification of pig-trou by means of certain chemical sabstuui 
I'liieBy alkaline nitrates, which are so placed as to come in <X 
tact with molten iron in a suitable converting vessel; and t 
deleterious ingredients are more or less completely remored I 
the action of the gases liberated by the decomposed nitnt 
Some experiments made at I^ngley Mill, Nottingham, gava {■ 
mising indications, and the plan is now being still foithet pi 
fected by a Lancashire firm. It would, however, be quite pOBSl 
to prevent a krge quantity of the phosphorus and other impa 
ties &om finding its way into the blast furnace at all, aa the fbn 
and iron pyrites are generally found in certain layers of inonriu 

1 these parts could be easily thrown aside. Great impioi 
i in the quality of pig-iron have been made in aerraill 
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lances simply bj ' pickling ' the ore. The use of mill cinder is 
ho very objectionable, and where adopted should always be con- 
■ed to faraaeea specially set aside for the purpose, as by em- 
fcying this material the phosphorus eliminated in tlie monn&c- 
KiDg process is all transferred ta pig-iron again. A good qoality 

■ pig-iron will never be produced from the comionn iron ores 
Uess the greatest precaationa are taken to remove impurities 
nn the materials supplied to the blast furnace. 

PGreat attention coutiimes ta be devoted to the economical 
Manufacture of superior iron or steel from ordinary pig-iron. The 
ikpensive nature of the Bessemer operation, the great waste in- 
tered where the pig-iron is nO't almost perfectly pure, and the 
bvy royalties which are levied on their manufactures, naturally 
Bnce practical iron makers to discover a readier method of pro- 
King somewhat similar results to those obtained by the Besse- 
■r pmcess. The Bichardsoa process has been a good deal dis- 
ne<l of late, and at Glasgow very satisfactory results are said 
Hiave been obtained. The novelty consists in blowing in air 
Kjuolten iron through a hollow 'rabble' terminating in a numbE^r 
■points, and moved about in the same manner as in ordinary 
Kdling. A saving of time is effected, and a superior quality 
■iron is said to bo produced The experiments of Mr. MonelauR, 

■ Dowlais, on the rotating puddling machine, ware laid before 
m Mechanical Engineera at their last annual meeting; but the 
■couraging ftsature was the failure of the apparatus owing to the 
tpoaaibility of finding a material capable of withstanding the 
Eat heat generated in the converters. If this difficulty could 
By be sunnounteil, it seems probable that the machine in quea- 
BD would lead to a great saving of labour. Other puddling 
■Ichines have been brought under public notice during the past 
ur. Of these the plana of Griffiths and Morgan deserve notice ; 

■ the former a rabble is made to work backwards and forwards 
■Kugh the molten iron very nearly in the same manner as by 
psd manipulation; in the latter a rotary motion is given to a 
puple of arms attached to a vertical shaft which passes through 
■e Toof of the puddling furnace. In another direction also 
Kat attention has been devoted to the economical manufacture 
B iron by more fully utiliang the fuel employed, m %i*nsiralwft% 
lb neoesBBiy beat TTiJaone furnaces, now in operaSAOW vn. «ct^ 
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n1 ironwoAs, appear to give excellent results; the coi 
of fnet is complete, there is no Gmoke, and the quanti 
used per ton of puddled iron produced is mticli below 
age by the ordinary process. A new kind of fum&ca hs 
been introduced by Mr. Leigh, the principle of wfaicli 
volatiliie the fuel hy making it fall upon a mass of m 
iron covered with a thin layer of slag, and occupying th 
of the fire-g»le in an ordinary heating furnace. It i 
that the heat generated in this furnace is very intense 
patent is now being put in operation in several ironwoi 
view to ti-st its merit& There can he no doubt of thi 
pijrtance ot introdocing improvements into the resnl 
puddling process as long as this stage is necessary in t 
facture of wrought iron. It is mainly upon the eucce 
process that the quality of the linished iron depends 
nental makers exercise far raore care in keeping the p 
each man separate, and in selecting the puddled iron t 
in making the finished bar^ By this means the bad w 
inferior puddler is not made to destroy the results oh 
the superior man. It would be unjust to omit tn me 
gradual introduction of Siemens' regenerative gas fucna( 
manufacture of iron. iSeveral works have such fumacee 
tion, and at the eiteneive Creusot works no lees tlian aixl 
furnaces are being fitted up. 

It will thus be seen that, on the whole, a great amot 
tention is now being devoted to the economical manu 
iron, especially in the transition stage from pig to best 
iron. Bnt it must not be concealed that there is here 
vast improvement stilL The operatione connected with 
are as yet exceedingly rude, and the inventions we ha' 
are only very partially kuown or appreciated by the tra< 
evident, however, that EiigUsh iron manufacturers are no 
ing more fully alive to the absolute necessity of conduci 
operations in a mure systematic and scientific manner, 
ent one great difficulty to be contended against is the 
which the workmen have against anything new and 
This prejudice is almost equally strong on the part of 
or forge managers, on -n-hom a manufacturer has to d 
the practical carrymg ovA ot \iia "liBaa. 
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matter would raise up the wLole question of technical eJucation ; 
but it wems c'ertHin that English ironmaatfra will have to intro- 
duce many sweeping changes and improTKUients if they are to 
continue to hold a foremost place amongst tha ii'on mannfacturere 
of the world. 

Passing <in to imjirovements which have been made in the 
(luishing department of the iron m uniilacture, we find that some 
changes of minor importance have heen introduced. The uni- 
versal mill for rolling iloiible T-iron for girders, and miila with 
vertical as well as horizontal mils for plate mills, by which the 
wa&te in shearing is reduced, deserve notice ; but on the whole 
there is not much to dwell upon in this department. 

In malting a brief review of the iron trade for the past year, 
it is scarcely possible to define accurately the improvements which 
belong exclusively to so short a period. It is only by very gra- 
dual changes that the modern changes in blast fnmacea have been 
brought about, and even now there is a somewhat primitive aspect 
about too many of the wotIcb in the older districts ; hut, on the 
other hand, some of the boldest achievements in this department 
■)f manufacture have been sueceasfully aecompliahefl during the 
past year. Comparing the results obtained hy one of the old- 
fashioned blast furnaces, making on an average only a little above 
100 tons of iron per week, with the behaviour of a first-olasa 
nioiiern furnace, making 300 tons of iron per week on a con- 
aumption of coke avernging leas than a ton per ton of iron pro- 
duced, and with the completeness of the various arrangements, 
Ibe economical results of the latter system are easily appreciated, 
and lead to the conclusion that continued attention and experi- 
ment will still be well repaid if directed in this branch of en- 
gineering. We have already alluded to a few points more par- 
ticularly demanding attention. What the future a'ipect of blast 
furnaces will be it is iliOicult to estimate. It would seem, 
however, that the extreme limit as to size has already been 
reached, but if the nisulta obtained, from tlie gigantic furnaces 
before mentioned are only realized, and the consumption of coke 
per ton of iron is bronghtdown to 16 cwt. oc 17 cwt., the extra 
outlay will yield a handsome interest, and no doubt when new 
plant has to be erected large furnaces will be in much favour. 
The general opinion of the Cleveland iron ttoile va »S.\V\. a^\■(^Sl. 
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■ fiirnaeaa more tUan ftora TO ft. to 80 ft. in lieigtt, and from SK 
t. to 30 ft. in widt!) at the boahea, and taking int6 conBiderotioD 
I tiie origiDsl coat and the expense of working, it seems that thesB 
I dimunaiona represent something Ulce the most economical »)a!e 
I on which blast furnaces may "be constructed in distiicti wiioM 
\ the ironstone and fuel admit of large furnaces being i 
I At tliia time the problem of meclianical puddling is the moet 
I knotty point requiring solution in connection with the niitoii- 
• fccture of iron. Nothing ot present devised effects t 
partial improvement; and in all caseu there is not much present 
prospect of the various schemes proposed being extensively ailojit 
ed. They are not sufficiently easy of application, and th« n 
suits to be obtained are so doubtful that practical men have con- 
siderable hesitation in making expensive alteratiouB unless « 
more tangible results could be guaranteed. In mill-work thm 
ia still unfortunately much roam for improvement. The lou r.f 
fuel, of time, and hence of money, owing to the ' rule-of-tbuml) ' 
manner in which mill ' piles ' oTe made, is alone a serious item. 
Generally speaking, in rails for instance, the piles are made so lugf 
that frequently a long kngth Las to be sawn off. It seems 
dotit that it conld be quite possible to calculate the lei 
which a pile of any size would run, aiid that were greater '_ 
cision adopted in this matter, a vast improvement would be IIh 
result This is only one instance out of many that might ha id- 
duced, showing the necessity there is at the present day of in- 
creased attention to a more scientific method of conducthig llw 
preliminary details in finishing mills. On the whole, n 
say that althou^'h there are many matters still requiring the ni'>at 
careful attention on the part of members of the trade, yet it is ■ 
subject for considerable congratulation to find that important nl- 
ditions were last year made to our stock of information with n- 
ference to the manufacture of iron." 

56. On Somti Points Affecting the Eeonomical Manu/Mlurt o/ 
Iron, — The following paper was read before the British A«»- 

Ieiation hy Mr. John Jones, F.G.S., Secretory of the North u( 
England Iron Trade: — "The object of the following paper il 
to consider briefly the merits of certain methoda wliich have , 
lieen recently proposed for cheapening the cost of ii 
ing iron. 
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It 13 alranst impossible to overrate the importance of this 
Hueation. A distinguished taeiiiber of tbia Association lias 
raised a warning voice against tlje reckleag manner in which 
our resourcea of coal are being exbanated, but ainoo that time 
no great changes have been devised for producing a more ecoiio- 
tiiical application of fuel on a national scale. The supremacy 
of the British iron trade depends upon the comparative abun- 
dance of fuel in cloae proximity to the ironstone; and in pro- 
portion as the mineral treasares of coal and ironstone are ex- 
hausted, BO nil! the position of this national industry decline, 
for the importation of the raw material is quite out of the 
question. Therefore, the economical use of the minerals we 
still poaaess is a subject of great importance. This country is 
now making about 4,500,000 tons of pig iron per annum, and is 
Hipable of producing at least 3,000,000 tons of iinished iron. 
Speaking approximately, it may be said that the iron mano- 
factare alone consumes about 15,000,000 tons of coal per an- 
num, or rather more than one-seventh of the total quantity raised 
from the various coalfields. These facts are adduced to show the 
immense issues involved in certain cbanges in the mode of manu- 
facturing iron, to which special attention will presently be in- 
vited. 

These improvements will be considered under two heads. {1.) 
The economical application of fuel (2.) Siniplifieation of manu- 
facturing processes. 

The first subject naturally leads us to examine critically the 
"hole process of manufacturing iron from the ironstone to the 
finished plate or rail In smelting operations large quantities of 
fuel are consumed, and it must he admitted that in many cases 
large quantities are also wasted. Still, in tlie newer iron- 
fields, where the smelting works liave been recently constructed, 
ao such waste is allowed. The greatest possible care is taken 
to utilize the products of combustion, and to make the gas 
from the furnace tops available for raising the temperature of 
[he blast and for generating steam. The attention of blast fur- 
nace engineers has, indeed, of late years bean mainly directed to 
the full utilization of the fuel employed. There can be nn 
question as to the great saving that has resulted from the elabo- 
rate arrangements now in operation at the principal smelting 



totki of ittodera construction; but these plaoa do not sdmil 

Pof bving readily adaptml to the older type of Uait famsM, 

In many districta the mineral resotircea hate beea m &rei- 

haustcd n3 to preolude cspitalists from making changes tfait 

would involve a lurge expenditure without the prospect of i 

. satUfaclory return. All that can be expected in such cases >■ 

I partial adoption of the economical atrangementa allnded t« 

I tbove, and it ta eatiafactory to find that a gradual change is taking 

l.plkce in tills respect. Tlie nlder plant is. in fact, being taams- 

■ libid tu that of the newer iron smelting districts, as fat >i 

Ktpecial circumstances will allnw. It eeema, then, that the md- 

I noniical use of fuel ia fully understood and acted npon in tbi 

I manufacture of pig iron, at all events in the modem claw of 

V works. There it has been found practicable to make pig iron 

with about 20 cwt. of coke to tkie ton of iron produced, iuclodiiig 

' heating, blast, and raising steam, it is thought, also, that even 

more gratifyiDg results mHy yet be obtained, but at this iigun 

s not eaay to understand how any radical change forth* 

t) ecunomicni use of fuel ca.n bu brought about. The onl; 

waste of heat-producing elemeuts appeiira to be during the con- 

J VHRiion of coal into coke, when a considerable quantity of com- 

I biistible material is driven off, and is completely lost, but it is Itj 

> certain that tUe conversion of the coal into u in- 

tensely hapl mass does not more than compensate for tbe 1(m« 

nnlnsa the volatile hydrocarbons given off in coking coald be 

made availithle in the furnace. It may be said, howuver, speak- 

ing generally, that we have now arrived at a point in the smelt- 

L_ iag of iron that is approaching theoretical perfection very closely. 

■* uid what DOW mainly remains to be done is to bring the older 

H blast fiirUBues as nearly as muy bo up to the modern standard, u 

H fmr ns tlie use of fuel is concerned. 

B WImu, however, we follow op the finished iron a stage further, 
H wi> come to processes where there is a marked lack of economy in 
B the appliances used, as well aa great want of skill in the agenb 
H UBtng Uium. To begin with, there is tirat a heavy loss of fuel 
H incurred in melting the cold pig iron charged into the puddhng 
H ftiruace. Theie would, doubtless, be difficulties in running off tbe 
^B iron direct from the blast furnace in all cases, but there ura many 
^K places where the proper mixture of pig iron might be made ID 
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the blast furnace, and where such regularity of working might be 
eiisuted aa would allow of the molten cast-irou being charged 
direct into the puddling furnace, or at all events, the pig iron 
might be economically melted down in large quantities and sup- 
plied to the puddlers in the fluid state. But this su^eeta a more 
radical change in manufacturing operations than need he discussed 
at present. However sound such a proposal may be theoretically, 
it has not yet had any extensive application, tiiough it has been 
practised in several ironworks. 

But, tiiking the ordinary puddling operations, it is evident that 
a great waste of fuel occurs here. Large quantities of carbon are 
driven off in an unconsumed form in dense clouds of smoke, 
whilst another mass of partially consumed coal goes away as 
ashes and cinders. The same kind of waste Is also characteris- 
tic of the various heating furnaces. The precise amount of fuel 
used in producing a ton of puddled iron differs in almost every 
ironwork, but it may be safely asserted that 25 cwt. of fuel to 
the ton of puddled iron is under the average the country through. 
The question arises, whether it is practicable to so modify the 
construction of tlie existing puddling furnaces as will ensure more 
economical results, and iit the same time afford proper facilities to 
the workmen. Is it possible, in fact, to make the whole of the 
fuel used effective in producing beat in the furnace I because, if 
this can be accomplished, the quantity of coal required in the 
paddling process will be very considerably reduced. This prob- 
lem has more recently occupied tlie attention of many minds, for 
numerous patents have been taken, out dealing with it in one way 
or another, and it has now been to a great extent solved in n 
satisfactory manner, bo that we appear to be getting near a means 
of using fuel as economically in the puddling as is already done 
ill the blast furouce. 

The Wilson modification of the firegrate, aa perfected by Messrs. 
W. Wbitwell & Co. of Stockton, Las received a good deal of atten- 
tion amongst iron manufacturers, and it is gradually being adapted 
to the peculiarities of fuel in the various districts, and its con- 
struction is being reduced to its simplest elemeuts. This furnace 
may be described in a few words, the principle having to be 
modified a little according to special circumstances. The fuel iu 
this furnace is made to bum on a sloping aoVvi &T«A>n.Oit.\RhNKi^ 
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Un ooal being intiodDL-ed at tlie top, and made to pass gradnallj 
down U> the put where tlieK ia an incandescent mass ; the ]\j- 
jncsTbons, wUch in onlinaiy furuaixs farm smoke, and tbua psa 
off without doing any economical work, are turned into an in- 
tenae flame in tbe fiuoaoe, and no smoke is made, when a suffi- 
cient quantity of etmospheric air is admitted. Underneath llie 
coBibuslioQ ciiamber is a closed ash-pit, into wbicli a blast of air 
is foKed by means of a steam jet three-sixteenths of an inch in 
diatnei«t. The air causes a reduction of the cinders and cUitken 
usaally formed in oniinaty furnaces; and at tbe same time tiie 
steam passing through the red hot oioders is decomposed, carbacio 
oxide and hydrogen being produced. The air for combustion it 
mainly introdnued by means of a pipe which passes through thr 
floe bridge, round tlie furnace back, through the flame briilgt, 
into an upper chamber above the sloping generator, whence it 
descends in thin straams through the perforated bricks into Uie 
fUmaoa The air is thus supplied in a highly heated conditicn. 
This furnace gives off no smoke, and the materials nrs perfectly 
consumed, the formation of ashes and cinders being also pre 
vented. Without going into detwis, it has been practioally 
demonstrated from results obtained by working these furnaces ■ 
considerable length of time, that the quantity of fuel required 
per ton of puddled iron is from 20 per cent, to 25 per cent lew 
th«)i in the ordinary furnace, the consamption of coal langtog 
between 17 cwU and IS cwt The principle of the Wilson ^u^ 
nacM is the complete combustion of the fiicl tx-fore it comes to tbe 
I^uniace chamber, but a certain amount of heat is assumed to pass 
fh>m the farnaces without being utilised, though this can be sb 
easily made available for generating Btenm as can the waste heal 
from puddling furnaces of ordinary coustruction. The subject, 
however, admits of being approached in another way, by de- 
voting increased attention to the utilisation of the heat, and by 
making tbe waste heat available sgain in the furnace. The New- 
port furnace, patented by Jon*8, Howson, and Gjera, and in 
■ 'peratiou at tbe Newport Ironworks, Middlesborougb, is coo- 
slructed on tliis principle. A chamber is built in the ordinsry 
chimney stack, and in ttiis are placed two cast-iron upright pipe^ 
with a partition reaching nearly to the top of each. The wast* 
^ses from the furnace are diverted into tbe chamber by mean* ot 
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a dauiper, and raise the temperature of tlie iron pipe^ to a high 
degree. Through these pipes tlia air required fur uoinhustioti of 
the fuel is drawn bj means of a Bteara jet; the mixed air and 
steam hBing conveyed to the furnace bridge, and delivered there 
by a series of tuyeres; also a portion of the air is sent in lower 
down, underneath the bars of the gi'ate, the ashpit being closed 
so that no air can reach the furnace, except that which bus been 
heated to a temperature of aboat 500° by the waste gases. By 
this means a regenerative action is set np, and it is found in 
practice that the comhuation of the fnel is nearly complete, the 
only smoke produced being at the time when heavy firing is 
going on. Tbe actual results arrived at by the use of these 
appliances are the saving of from 25 per cent, to 30 per cent, of 
fnel as compared with tbe operation of the furnaces of ordinary 
construction. In the working of several of these furnaces with 
grey forge iron, sis heats per day, the quantity of coal used in 
producing a ton of puddled iron has been reduced to 1 6 cwt. and 
less; ordinary furnacea, working under similar oomiitions, using 
from 22 cwt. to 23 cwt. to produce similar results. In proportion 
aa refined iron or lower qualities of pig irou are introduced, the 
proportion of fuel reqiured decreases considerably, 

The structural modifications required in adapting existing 
puddling fnrnacea to the more econc^niical types here alluded to, 
Are BO slight, compared with the saving to be effected, that the 
whole outlay would quickly I'ficoup itself; for assuming even that 
each furnace would cost £50 in alterations, and would thus be 
made to save 25 per cent, in fuel, each furnace would more than 
clear itself in a single yeir. The modifications, also, are bueIi 
tliat in each case the workmen would require no special training 
to enable them to use tbe new furnaces. 

Though prominence is here given to only two varieties of im- 
proved puddling furnaces, I am aware that other modificatiions 
exist, each of which has its special advantages, but in this notice 
I wish to disregard any particular allusion to plaus that would 
involve a large expenditure before they could be got into suc- 
cessful operation, and where a more highly-trained class of work- 
men than is yet available would fce required in order to ensure 
EThe above remarks are, however, made without preju- 
other methods proposed to effect the cw)wsm\wi. >»»» lA. 
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s the winking of the two types 
1 to, thu with |)it>pet care and an sveiage 
amount of (kill on the put of the wotknun, a savuig of at least 
S J pa cent in the fitel commoul; uW in paddling may be mvie 
vilbout in any (bfrrce injaring the qtwiity of the iron produced, 
and witboot tlw expeoiliton of a laige ton of money in altering 
pzuting amngeiBents. Saw what does this mean in the ag- 
gifgatel We hare preriotuly aasamed that 6,000,000 tons 
uf coals an aonnallj consumed in the production of the whole 
quantity of finished iron which this country could muke — thtt 
is, allowing 9,000,000 tons of coal for the production of 
pig iron. A ssTing of 25 per cent upon this representa close 
upon 1,500,000 tons of coaL U, then, it be possible to effect 
an ei-onomj of this msAed ch&mcter by means so comparatively 
aimgili*^ this subject undoubtedly becomes one of vast importance 
to tlie iron trade of the connlry. and, induod, is entitled to rank 
as a nalional question. 

If the results indicated in the ahoTe remarks could be secured 
tar the whole iron trade of the country, this indnsky would ba 
at once placed in a mach more favourable position with respect 
li> foreign competition, about which so mucli has been written <\l 
late. We are asked, hovrever, to gu a step further than Ihiii. 
We are invited to relinquish certain prejudices which moat prac- 
lical iron makers and engineers have as to the proper mode of 
iiiannfkcturiug iron rails, platea, or bars — a mode that has been 
in existence for a very long period. lu following up the proceu 
for muking, say an ordinary railway bar or plate, we soon amve 
at a complicated series of operations. The puddled iron has to 
be rolled into rough bars, which, after being straigLtened aixl 
weighed, and allowed to get quite cold, are cut up into short 
lengths, made into piles, couvej'ed to heating furnaces, healeil 
and hammered or roiled down, are then a second time heate<l, 

I and finally rolled olf into finished bars. Even when the second 
heating is not required, the ordinary process of manufacture con- 
tuns several objectionable features. The iron is allowed to cool 
down in the intermediate stage of puddled bars. The piles cau 
never be made perfectly homogeneous, lines of lamination remain 
fat the finished iron, and these cause 'serious defects when thd 
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material is exposed to heavy wear, as in common rail Now, 
theoretically, it would seem a moi'e rational plan to carry on thp 
varioua st^ea in the mannfactnring procesa more rapidly, and 
without the mauy complications which now encumber it In 
what is tenned the RadelifFe process an attempt ia made to carry 
out this principle, the puddled iron being passed through 
the necessary stages so rapidly that it reaches the point of fin- 
ished iron in little more than half an hour after leaving the 
puddling furnace. The plan is descrihed in a few words. Thero 
ia no peculiarity abont the iron uaed, the puddling, or the fettling 
employed. Good workmen are required, and the best fettling is 
allowed. The paddled iron is brought out 'yoimg,' and the 
furnaces are made to work in euch a maimer that live or a greater 
number of balls may he brought out practically at the same time. 
These are treated under a heavy steam haniraer, having a quick 
action ; and by the aid of mechanical appliances a large bloom is 
easily formed, according to the size of the plate or rail to be 
manufactured. The hloom is passed through a heating furnace, 
to recover the heat loet in the shingling process; and, after being 
exposed to a. mellow flame for a short time, it is at once rolle^l 
into the finished article. 

In this system we find the various stages reduced to the simplest 
form, whilst the quality of iron produced by this method speaks 
for itselE A perfectly homogeneous structure is secured, no lami- 
nation occurring under this mode of treatment. This process has 
been extensively practised, especially in the production of plate, 
at the Consett Ironworks ; and therelbre its value has been fully 
tested. It has the further merit of requiring very little modilita- 
tion in existing ironworks to enable the plan to be put intn opera- 
omienBe advantage in these days, when even more di- 
a of producing finished iron, are thought to he not far 
tant improvements, and when plans requiring an extensive 
r have comparatively a poor chance of being adopted. 
:e method here sketched out leads to a great economyin labour, 
I, puddled iron, stores, repairs, and in many otlier way!<. and, 
idee, the productive power of the machinery is so far increased, 
tt the dead charges — a very important item in the cost of mak- 
ig iron — ai-e distributed over a greatly increased make of finished 
Ob the face of it, it must be B\i4erA ftialt \\iw ■^twwsw, S.-« 
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nearlj folfils the coDditione required in a BCientifio plan for 
BUDafutDTing iron than does the cumbrous one generallj adopted 
If new works had to be conatmcted to carry out the system, atill 
more eatisfactory results would doubtless be obtained, just as fats 
been the case with the rnodent improvements in blast fumaccK 
There is. it nioet be admitted, much prejadice to be removed {ran 
the minds of ntanageis, and even higher authorities ; there are 
mechauical and other difficulties to be overcome before compli-lt! 
oucocsj can be ensured, under the various circumstances character- 
istic of the finished iron trade. But what I wish to dwell npon 
is, that the principle of the proposed method of manu&cture u 
theoretically correct, is calculated to effect a great reduction in the 
cost of producing iron, and promises to enable iron manuiactoierB 
to make the most of our national resources, by allowing of the 
production of the finished iron with the least possible expendi- 
ture of fuel and of labour. 

Taken in connection with the first consideration, that of effeot- 
ing greater economy in the use of fuel, it would seem that then 
is a possibility of saving, say 35 per cent, of coal, even upon tiie 
uidiuaiy mode of working, and also of dispensing with proeeucs 
that at present use from lOcwt. to 15 cwt. of fuel In other 
words, this subject, looked at in a national point of view, means 
a possible saving of about 3,000,000 tons of coal per aunoio, 
including the two principlee of C'conomy mentioned in this faftt, 
besides which there are other equally tangible points where ■ 
material saring could be effected, bnt which da not admit of 
being expressed in common terms, as is the case with the fuel 

It may be mentioned, however, that the rapidity of the priv 
cees prevents the waste by oxidation of the iron under trealmeot, 
and, under ordinary ciicumetances, we are informed there is a 
saving of from 3 j cwt to 4 cwt. of puddled iron in every ton uf 
tinished rails or plates produced. This iron is simply lost in the 
usual mode of procedura If this heavy loss could be even pB^ 
lially prevented, a vast saving would be made, and no extra ex- 
pense would be incurred in obtaining such a result. 

Tiie metallurgy of iron is such a wide subject, there are now 

many workers iu it. and the whole subject is of so mncb na- 
tional importance, that 1 venture to think the points to which I 
" ivite fitCention aie deserving uf general. v.a^vx by all who are 
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practically interested in the iron manufacture, or in the use of iron for 
cngineeriog purposes. It is high time that the manufacture of 
iron were placed npon a racire truly scientific basia. Our mineral 
tieasupfB have been so readily available, and we have, until quite 
recently, enjoyed such an extensive monopoly in the iron trade, 
that our position seemed unassailable. We have found, however, 
that the application of science has enabled our continental neigh- 
bours to OTerenme natural disadvantages, and to placu themaelvea 
on a level with ourselves as far as cheapness of production is 
concerned. It is for us to apply to our manufacturing operations 
those principles which have proved successful in their case, and 
there is no doubt we may be able to effect such a sweeping eco- 
nomy in our cost of manufacture, that we shall soon obtain the 
full benefit which we ought to derive from our abundant supplies 
of coal, and the vast quantities of ironstone lying within reach 
of the fuel required to smelt it.' 

57. Purification of Iron Ores, — "The question nf removing," 
says a leading article in 'Engineering,' under date Sept lltli, 
18G8, "sulphur and phosphorus from iron still stands before the 
practical world as an important^ well known, yet unsolved prob- 
lem. It is the bridge with which we expect some day to con- 
nect the metalluTgical practice of the present day to a future far 
more advanceil, and a scientific system, of metallui^y to be arrived 
at by the gradual yet constant advancement and development of 
science and knowleJga We have recorded many attempts to 
remove phosphorus and sulphur from pig iron, from liquid steel, 
and from wrought iron, but we have not had a single instance of 
jinictical success to place before our readers. The general con- 
s which seemed to force thornselves upon the minds of 
s, by the results of all tliose unsuccessful experiments, 
were, as a rule, unfavourable to the treatment of iron in its more 
advanced stages of manufacture, and pointed to the blast furnace, 
if not to the calcining kiln, for tha purification of the substances 
charged into them. Seeing, in fact, how difficult it was to re- 
move sulphur and phosphorus from iron, if these substances are 
once combined with that metal, it became a question for investi- 
gation whether such a combination could not be prevented by 
n-moving from the raw materials all those substances which form 
the sources of these noxious contaminaliona w\\BXi.TCi4.'o.wA.\R.'0a» 
aiueWng furnace. 
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The simplest nieana of improvlDg the chargea, and the one 
wliioh Bnggeatfld itself without much thought or science, was the 
mising of phosphoric ores with others free from phosphoniB, and 
thereby dilating the noxious iruparity. This process is matt 
effective than would appear at first aight. Given two kinda of 
ore, the une cDntaminat«d with sulphur to an extent which will 
niuke the iron produced fj'oin it unfit for the inteaded use, and 
auother ore containiug phosphorus to a similar extent, it is ob- 
vioua that a miiiture of the two orea will produce an iron whidi 
will be superior to that produced Erom either of the two Vindsof 
ore when smelteil hy itself. The practice of mining different ores 
for the hlast furnace chaiges is, therefore, not a mere productian 
of an avenge quality from superior and inferior kinds of i*w 
materials, hut it is, when properly carried out, attended by in 
actual improvement of the make of iron over the products deriv- 
able from any one of the ores mixed together when smelted 
singly and without other admixtures. 

The next step to be recorded in that direction is the prantice 
of washing iron orea after calcinatiou. This, too, is at present 
an old-established process, but one which has been rarely used on 
account of the expense and inconvenience which was thouglit 
necessarily connecti^d with this mode of purification. The waali- 
ing process is applied exclnsivoly for the removal of nalphor, 
and it is altogether without any effect upon the phosphorus thut 
may be contained in the ore. The rationale of the washing pro- 
cess ia the following : — An iron ore contaminated with pyrites, 
such as, for instance, the spathic ore or brown hematite of Styria, 
Khinish Prussia, of the Weardale district, and of other localities, 
when submitted to calcination, under the free access and infln- 
of the air, takes np a certain quantity of oxygen, and by tiiat 
the pyrites and other siujilar combinations of sulphur and 
become converted into sulphates of iron, which are soluble 
' 3T. If after calcination the ore is washed with a large 
iy of water and fur a considerable length of time, all those 
I salts, and with them the component sulphur will be re- 
from the ore, which remains in a more or less purified 
aceording to the more or Icsa efficient manner in which the 
and washing have heen effected. Wo have had oo- 
to describe two ironworks on the Continent where purifi- 



cation from sulphur is roost effectively attained by wasliing tlit 
colcmed ore previous to its being nmelted, viz., the Kladno Iron- 
worbf, in Bobenia, trbere forge iran lor puddling is the stajile 
article, and the Ironworks, Maria Zell, in Styria, producing foun- 
dry iron and Bessemer pig-iron. 

"We now pass from the record of processes in practical esist- 
enca to a new method of purjtying iron ores now under experi- 
ment in this country, and patented by Mr. Tbomaa Kowan, of 
Glasgow. This is a process of purification from sulphur and from 
pbosphoius by calcinatioQ and eubsequent washing, only the cal- 
cination in this instance is not a mere oxidizing process as now 
pr.ictiaed, but tbe ore i» mixed with chlorides, such as common salt 
or chloride of manganese, and calcined in contact with these sub- 
etancBS. Such a calcination is well known to luetallargists, parti- 
cularly to those accustomed to the extraction of copper and silver 
from their ore. It is called a chloiridking calcination, as distin- 
guished from the common or oxidising calcination, and its effect 
ia to convert many of the substances contained in the ore into chlo- 
rides. The effect of calcining an iron ore containing sulphur and 
phosphorus in contact with common salt (chloride of sodium) 
would be the decomposition of the salt by the action of the sul- 
phnr, and the formation of sulphate of soda and the liberation of 
the chlorine, which combine with all the basic matter contained in 
the ore, such as lime, magnesia, &c., and also with the phosphorus. 
The idea of removing phosphorus from iron by the action of chlo- 
rine was originated by Dr. Crace Calvert, of Manchester, more than 
twenty years ago, but it appears that Dr. Calvert expected a 
gaaeons combination of phosphorus and clilorina to be formed 
and passed oif as a vapour either from the blast furnace or calcining 
kiln. Mr. Rowan's researches seem to show that none of the 
volatile combinations of chlorine and phosphorus are formed dur 
ing such a calcination, but that a combination is formed which 
is soluble in water, and can be extracted from the ore by washing 
after the calcination is completed. The effect of washing tbe ore 
after this chloridiaing calcination is the removal of the sniphale 
of aoda and of tbe chlorides of phos|)horiia formed in that process. 
The sulphur and phosphorus pass into the water, and can be 
recovered from it if desirable, but the insoluble residue is an iron 
ore purified to a considerable extent, and fit irx ■wa m ^«,'\^»&\. 
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fomaoe after the moistnre ia eraporatcd. It bas beeo inopoasl 
aX one of the great iromrorks to the CleTcland distiiet, to eS 
tbiti culcination by charging the ironstone mixed with salt ii 
the calcining kilns now in use, but this is not a suitable modaoi 
working on a. large scale. The time for catcinatioD, and pailt 
i:ulHrly for waaliing, ahould be ample, and much greater than en 
be allowed in the calcining kiln. The calcination shonlil bt 
r^rrieil on close to the minea in very large hea[^ covered at tin 
top, and connected at the bottom with floes vhich lead into I 
chimney. The salt mixed with the ore, or, slill better, dissoiveJ 
in water and eent into the calcining heap in the form of ai 
jets or streams of brine, would act upon the mass for any deal- 
ubie length of time. The whole calcining heap should, afitr 
being burnt out, be immersed with water, or be percolated b; k 
krge stream or body of water for several weeks. After this tbt 
ore may be sent to the smelting works, and the calcining Iciliit 
there will play the part of eTaporatoia only. They will diy tb» 
ore and heat it to some estent previous to its being chafed inlu 
the blast furnace. 

The ([Uestion of trouble ajiii inconvenience will lhei«by 1» 
transferred from the ironmaster to the mine owner, and itwili 
resolve itself simply into a queation of price per ton of purifiid 
ore. Considering that theremoval of sulphur and phosphorusfrain 
Cleveland pigs would raise tbeir market value at least XI pet 
ton, and taking 3 tons of calcined ore for the ton of iron made^ il 
is clear that the process of washing can he paid for at, the rale ^f, 
say, pB. per ton of ore, and have an advantage to those who uw 
the washed ore instead of the raw ironstone. The quanti^Pf 
salt required depends npon the quantity of phosphorus contsiMii 
in the ironstone, but it will scarcely exceed 5 per cent of tbe 
weight of iron ore in any case. The value of the salt added BU]' 
he estimated therefore at 6d. per ton of oi-e, leaving a raargiii "^ 
4s. 6d. for the expenditure of calcination and washing. TbisW 
a figure which ought to afford a very handsome profit to thW" 
who undertake the purifying process on a large scale. The Dp" 
lEiatham mines and others in the Cleveland district are almtxt 
within sight of the sea, which would afford both the salt for eu- 
uination anri the water for extracting the heap when oaloiiw^ 
The process, althongh haidlj tried oo a scale which could !• 
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1 practical as yet, deserves the ntmost attention of everj in- 
mgent ironmaster and owner of ironstone mines. Its theory ia 
supported by a great deal of experimental evidence, and the im- 
portance of the problem that Mr. Kowan haa so far tried to solve, 
justifies the commencement of experiments on a full frorktng scale 
without hesitation and delay. We look npon experiments of that 
kind as a question of national importance, A purification of the 
phosphoric iron ores of this country means no other thing but the 
univetsftl and unreserved substitution of steel manufacture instead 
of the manufacture of iron, and the application of steel in all 
modem constructions; it is equivalent to a saving of an enor- 
mous value now annually destroyed by the wear and tear of the 
inferior materials produced from impure iron ores, and to a direct 
increase in the national wealth, amounting to many millions per 

58. 07t the Shrinkage of Gast- Iron. — "The following is the 
substance of a paper read by Mr. David Walker before the mem- 
bers of the London Association of Foremen Engineers, on Satur- 
day, the 4th inst., Mr. Newton in the chair; — Shrinkage is the 
complement of the property which metals possess in common with 
nearly all other bodies — that of expanding by heat. It comes into 
operation more or less at all ranges of temperature, but varies 
very much in degree. In iron castings it proceeds very rapidly 
at temperatures high above the smelting point, which was proved 
by the sinking of the metal in a mould after it had been tilled, 
and the large quantity of metal which was required to keep up 
the head — technically called ' feeding.' This would go on in 
castings of great thickness for a conple of hours or more. When 
this subsidence was not guarded against by the feeding opera- 
tion, the castings inevitably beoa.me unsound. Exteriorly it 
would take the form of the mould, but in the centre it would 
be hollow ; the experienced moulder so arranged his feeding 
head as to supply those parts nf the casting which were thicker 
than the others. (The reader here introduced a piece of cast- 
iron caught, as it were, in tiie act of crystallization, and which 
presented an appearance analogous to that of water when freez- 
ing.) Mr. Walker then proceeded to say that whereas water ex- 
panded during crystaUization, iron shrank. A block of metal 
measuring J^ cubic ft. took, about 7 lb., oi 26 cn\Ai^in., ':^'QL«!u^^'^ 
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feed it; this vns equal to l-IO in. to the foot, the usual alloir- 
ance mode for shrintcage ia cooling from the smelting point 
This appeared to confute the idea of iron expanding in the act 
of crystallization. It had been said to expand externally; b« 
had never been able to observe any eymptonia of this natnrft 
If there were any of that irresistible power which ice exhibit* 
ve should expect it to show itself in the case of a chilled rotlo; 
for example. This waa Dot so to any perceptible extent, the diill 
or iron mould lasting till fairly worn out by heating and cooling 
The ouly argument for the theory of iron exx)andiiig in cryabdt 
tation, held by eouo scientific men, waii that the solid was rap- 
ported by the fluid, thus showing greater specific gravity. 

That the metal shrank while cooling in the fluid state «u 
beyond a doubt, and that the fluid supported its own solid wm 
also quite dear, although how to reconcile the two facts he was 
at a loss. The contraction, however, was checked during the loat 
of a great portion of the heat, which was not easy to be ifr 
counted for, unlesa we looked upon the expansion by crystal- 
lization, on the one hand, and the contraction by loaa of heal 
on the other, as two great opposing powers, which, like the oen- 
trifugal and centripetal forces in the heavenly bodies, balaneeii 
each other for a time, and thus checked the action in either dim)- 
tion. Mr. Walker observed tLut he had no desire to indulge in 
theoretical speculations, but would prefer to give the results of 
his own observations, extending over a considerable time, and 
sometimes producing rather cfinflicting ideas. It was admitted, 
as demonstrated by researches in chemistry, that fluids began to 
crystallize at certain fixed temperatures, varying according to the 
properties they possessed. Cast-iron, for example, was given it 
2,754° Fabr. by some authorities, at 3,000° by others, whilst 
some authorities went even as high as 17,975° by the same thn- 
mometer. Copper was less, and the scale descended in rilvfir, 
gold, zinc, lead, &c, down to mercury, which was 39° below wtft 
Now, leaving out of the question for the present the numwOW 
qualities of cast-iron, it would seem safe to assume that two cast- 
ings from the same charge would crystallize at the same tempera- 
ture, and if the shrinkage could be caloulated with any degree of 
certainty, our task would be comparatively an easy one. Tl^ 
wo^ however, by no meena Ake vsaib, &n \t <n9e influenced bf 
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my many conditiona — as tbicknesB, position, the nature of the 
fcnld {whether of loam or saud) in its various forms, and others 
Itich haffled calculation. He (Mr. Walker) did not expect to 
Kceed in arriving at any definite points as to the reaulta of thean 
Bditiong, but that even an approximation was important would 
m admitted by experienced pattern makers, who often found 
pat dithculty in causing the Tarious castings of large pieces 
vwork to come to the required sizes, they having to he pro- 
bed under the varying conditions alluded to. 
iTfae simplest form of casting, and that most easy of observo- 
ma — the open sand plate — on being poured solidified very 
■icicly, and parted with its heat rapidly. It would naturally 
1 expected that in this case shrinkage would proceed in propor- 
Ri, but this was by no means so. About ten minutes after it 
kd become set it would be below tho smelting point of copper, 
■Dwing that it had, by the lowest estimate, lost 700" of heat, but 
Bre was no observable contractioa It would remain at its 
■giiial size, vBijing according to thickness, perhaps half an hour, 
■d then it would begin to shrini very slowly indeed till it had 
nled to about 1,100", or 1,200°. Here the contraction would 
pse for a time, and at this peculiar temperature a decided ex- 
■Bsion would take place, and this existed until it cooled to 
iont 800°, when the real work of shrinking hegau. That slowness 
Bcontiaction at high temperature he had noticed, ia a general 
■j, frequently, but the observations in regard to temperature 
id. the discovery of expansion, at a particular degree of heat, 
fc made upon a plute of cast iron H ft, long and 1| iu. thick, 
Bd thb was cast at ten minutes to three o'clock in the afternoon, 
pi it set almost immediately. Aboat ten minutes after, it had 
kled below the smelting point of copper, and must have lost, 
pording to the lowest estimate «f temperature, upwards of 700° 
I heat. This it did without showing; the slightest symptom 
I shrink^e; nor did it do so for quite half an hour, then 
piokage began to show iteelf very slowly, and continued until 
Ireached the amount of 3-16 in. in 14 ft. length. Judging 
Btu the colour, it had now come to the temperature of about 
BOO" or 1,200°. Strangely enough, at this point it began to 
■paiid again, and recovered |^th of its lost dimension, and thus 
Ifemained till it had fallen to about 900°, -n^iea ^.\v% twn'unR:- 



tion proper b^an, namely, about two hours after castiiig. In 
one hour it amountect to f in., heat aboat 700°. Next tioni 
J in., heat 600°. iiesi. hour 1 1-16 in., heat about 550". 
Judging from its effects upon raetals of known ilegreea of itM 
ut the fusing point, next morning, at sx o'clock, the heat «u 
130" by the thermometer, the shrinkBge 1 11-lC in. Finally, 
the contraction had reached- If ia, or exactly J in. to the foti 
There were some very curious phenomena to be observed npon 
in thia example. It lost nearly 2,000" of heat without sualain- 
ing any longitudinal or appreciable shrinkage. This might m 
might not he accounted for by the idea sn^ested — that of the 
opposing forces, due to expansive crystallization on the one band, 
and shrinkage, by the loss of heat, on the other. It was cleu 
that nearly the whole of the shrinkage took place within the 
range of 600°. The reader of the paper said be had made m- 
merous observations with similar results. 

The most important condition, as effecting shrinkage, wasi hft 
thought, the relative thickness of castings. Two cast) nga, poured 
at the same time, would yield -very different results in shrinkage 
when they varied in thickness. It would be easy to adduce a- 
amplea of this, snd one should te mentioned. A bar of cast-iron, 
1 in. thick and 3 ft. long, gave 1-10 in. per foot of contractwn, 
irhile a block, cast from the same cupola, and within five minulM 
of the same time, gave in 2 ft. length no shrinkage at olll Tlw 
latter, indeed, when cold, was exactly of the same dimensions U 
the mould. The measurcnients were made with great care in 
both cases. What aeeniud more remarkable, perhaps, was Ibt 
fact that the same block took in feeding, as nearly aa conld ba 
estimated, a quantity of metal equal to 1~I0 in. per foot in its 
'whole mass. These experiments agreed in their main featuiw 
with the author's general experience, and showed that block cast- 
ings do not, as a rule, slirink to any sensible extent Genfl^ 
ally, he had found that castings which were fed well had i 
1 very limited degree of shrinkage. It would be possible for hio 
to make a sketch of a frame with which he was very familiar (i 
finely proportioned pattern 2^ in. thick), in which the contrat 
tion of the resulting casting varied from 1-17 in. to 1-23 in. pef 
foot longitudinally, and in depth, which was 24 ia, gave no 
abriukage at all This was a casting with flanges all roond il 



s.] i'ROGRESS OF STl 

■that tliere was no part of the reBolta due to straining. Tliey 
e attributable to careful feeding alone. In conclusion, Mr. 
r renarked that this subject natarallj divided itfielf into 
its — Pirat, the nature aud condition of ahriakage proper ; 
[, second, the effect of unequal cantraction in ill -proportioned 
"he firat of these he had hoped to deal with fuUy 
ft evening, but found that want of time prevented it At a 
bre period it ehoiild be reennied, and then it was to be hoped 
■ vbole subject might be more satisfactorily developed." — j/e- 

■9. Ore the Mecent Program of Steel ManufacluTe. — The follow- 
r paper was read before the British Asaociation by Ferdinand 
1, CE. — " At the last meeting of the British Association in 
indee I had the honour to draw the atteatioit of this section 
1 mode of steel manufacture which at that time had 
inraencod to gain ground on the Continent, but which had 
. been brought into commercial practice in any one of the 
a steelworks of this country. (See vol. of Engineering 
18 and Figures for last year.) 

[ refer to the proeess of manufacturing eteel upon tlie open 

h of a Siemens' furnace by the mutual reaction of pig iron 

1 deearburized iron, or ' w rough t-iron,' upon each other — a 

1 which, in France, has received the name ' Martin pro- 

,' from its inventors, Messra, Emile &, Pierre Martin of Paris, 

% which, in justice to both the inventors to whom the prac- 

J and commercial auccess of this innovation is due, should 

' the name of ' Siemens-Martin process.' Within this last 

t the Siemens-Martin process bos been brought into operation 

Mhis country, and I have now the pleasure to lay before this 

^^ ' J ^ ffi'^ samples of steel which have been made by that 

new process in the Cleveland diatrict, and, in a very considerable 

proportion, from Cleveland iron, 

I hope, therefore, that it will not bo out of place to give to this 
lection a brief account of the technical detail of this new mode 
of steel manufacture, and to make a few remarks upon its com- 
mercial prospects, so far as the latter can be judged at present. 

The Siemens- Martin process realizes the old and repeatedly 
proposed idea of melting wrought-iron in a bath of liquid pig 
iron, and thereby converting the whole mass into steel The ^iriw- 



apd ekm wtU of tia mcousfnl operation, and tfae pcqnte wtnil 
diiCu^piuh il from «U pHvioas altoitire attempts^ are — dni, Ik 
high tempentme and tbe nentral or son-oxidizing daoieptndiictd 
bj* llw rfeBsiatiTe gas furnace of Mr. Siemens; and eetxia^, 
thm method of eharging the decarbnrized iron into the bath of p^ 
iron in HWasnrDd quantities or doees. 

These doma of wronghtiron or steel are added to the bRth ia 
Rgolar intervala, so that each following chat^ Ln melting orii 
being dkaotved in the bath increases tlte qtiantitj of the liquid 
mats, and adds to the dissolving power of the bath on^ tbe 
stage of complete decarburization i» arrived at. The chai^ it 
thrn completed by adding to the decarburized mass a certain per 
■wiitage of pig iron, or of the well-knovm atloya of iron and 
manganese, such as gpiegeleisen -nr ferro- manganese, and the d^ 
gree of hardness or temper of the steel produced depends on 
the proportion of this linal addition. 

TliB procMs, aa characterized above, has been experimented 
with at the Model Steelworks, in Binningham, by Mr, Siemeim 
and on a larger scale at the Bolton Steelworks. From thii 
IntbT eglabliHliment a railway tyre made from Bessemer stwi 
■amp anil pig iron upon the open hearth of a Siemens furnace 
hat been sent for exhibition to this meeting. The first, and is 
yot, the only utoelworka ia this country which is working this 
process commercially, and vrhich. ia laid out for the manu&cture 
u( steel by the Siemens-Martin process exclusively, are the New- 
port Steelworks, at Middlesborough-on-Tees, belonging to the 
well-known firm of Messrs. B, Samuelson & Co. 

The Newport Steelworks commenced operations about two 
months ago, and have beoii working since that time with great 
regularity, and almost without interruption, day and night. 

» There a one steel-melting furnace, constructed from the designi 
gt Mr. 0. W. Siemens, in operation at present, and a second dmi- 
Itr ftimaoe is to be erooted very shortly. 
■J'he roof of the furnace is made of Dinas brick, and tha bed 
upon which llie charges are melted ia made of ganister or puis 
•llicious sand mixed with a red sand containing a small per- 
iiuiitnue of alumina, both kinds of sand being found in the Clevo- 
^- )ttlitl district. The ]ireparation of the furn.ice bottom reqniws 
^K-|^t oUc, and a certain amount of skill on the pm-t of the 
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"■"rkmeu. All matBriala cliargetl into the furnace are previoualy 
litatud to rminess ia an auxiliary heating furnace. Tlio pig irun 
employed for forming the bath is principally Swedish charcoal 
pg iron, and it enters into the ehargea in the proportion of 
about one-third of the total weight. The tables annened to this 
P^, which are copies of the records of some interesting charges 
kiudly placed at my dSaposal by Meaara Somuelson & Co., give 
■1 tleu i(iea of the pceciae mode of conducting the charge. Table 
•^'o. 1 ia the record of a charge made of Swodieh pig iron (1,680 

Table I. 
D. Famacf. Monday niglil, July 20, IfitfS. 
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^^■Balof puddled ban (rum Cleveland inm (3.136 lbs.). A 
^Hp^^nuitity of hK'iiJutit« ironHtone -was added to the clisi^ 
during the nperatioB, with the intention to reduce the time re- 
quired for the process, which occupied thirteen hours; but from 
the large proportion of apiegeleisen (1,560 lbs.) required at the 
f And, it appears that the decarburization had been carried too bt, 
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1 the charge could have been completed several hours earlier. 

i the same time thia example shows the great facility which the 

bmens-Martin process affords with regard to the correction of 

8 committed in conducting a charge. The production of any 

jBired temper of steel can be relied on with absolute certainty, 

e the ultimate tiuccess is a mere question of time, and it is of 

ttiparatively little coDBequence how far the desired charge of 

arburization may have been overstepped or neglected during 

e operation, if the final addition brings the charge back to ita 

T temper and quality. 

I Table lHo. 3 is a record of an attempt to use Cleveiand pig 

a for the bath. The puddled bars added to the chaise were 
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7-46 
B-30 
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1,341 


S24 
224 

224 
224 
224 
224 
224 
224 
224 
224 
224 
224 
224 


5D 
5G 


Lba. 

56 
Tie 


Lh.. 
448 

~ 
224 
224 


4,53a 


Lbs. 
124 


,876 Ihs. 


1,344 


2,S12 


112 


112 


896 


4,53fi 


124 


l8B«tll. 

^ 


12 c«ts. 


26 orti. 


Icwt. 


I cwt. 


Scwls. 


40c. 21bB. 


le.l2 1ba.l 



«f the same kind as those usod with the Swedish pig iron, and 


.the addition of Ihiieiiite, b, mineral containing a high peiCMt- 


^e of titanium, was made with a hope to lemoTe pboepbom 


from the bath. With a aimiiar idea a quantity of ao^alled 


patent slag — a. mixture of ingredients to which a eitnilar pamn 


is ascribed in the Cleveland diatriul^has been added, but mih- 
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9764 Iba. 
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67 20 


15' 


60 
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11 20 


77 


2 2 H 




ll*7narkt: Very Soft. Loss: i-&Q per cml. 
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Liiit 8iicc«S3. Tbe product wa* found cold short and brittle, and 

Siemens-Martin process. ■ i 

Table Ko. 3 recorde a charge made with grey hematite pig 
iron and Cleveland puddled iron. The product ia a ateel of less 
ductility and malleability than that derived from Swedish pig 
iron. There is also an excessive loss, amounting to 17 '04 per 
cent, of the total weight charged into the furnace shown by this 
table. This seems to indicate a high percentage of silicon in i 
the pig iron, to the pnrtial and imperfect removal of which both 
the hardness of the steel and the great waste may be duo. It is 
not possible, however, from this single experiment, to draw a re- 
liable conclusion with regard to this class of pig iron. 

Tables No. 4 and 5 show some of the most successful charges 

Tablk V. 1 
No. 1 Fama<^. Wed>tcsday n^JU, A'UguU S. IStiS. ^^^ 




Tliaaiof 
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sa 
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O'clock. 

12.0 
1.35 
3.0 
2.30 
3.5 
3.40 
4.16 
4.50 
6.25 
6.5 
6.45 
7.80 
8.30 
9.25 
' 10.45 

11.16 

12.0 


l.tjH, 

leao 


448 
448 
448 

448 
448 
448 
448 

448 
448 
224 
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LI .9. 

IS 
a? 

&,ft 


Deo' 

■U.1, 


6972 


148 




Banarh: VerysofL Loss: US2 per cent. ^^B 







t, SunneboD & Ca.'s workfi. From these 
■ whicb I have exhibited here are taken. The Wh 
ti pig irai in tbwe charges b made of a mixture of vhite Swed- 
iah itna and of spi^eleisen \ besides this, a quantity of spiegel- 
«is«D ia added at the end of the operntioD. In these diargu 
Cleveland baia euitr in the proportion uf about one-hal£ The 
sl««l produced in this manner is rerj soft and of a yerj fine 
quslit}'; it is pnncipolly used for boiler plates and for Bimilu 
artidtM. Some twts with leganl to the strength and elostJci^ 
of this steel, are now in progress at Mr. Kirkaldf 's testing wtnl^ 
but the results bare not reached me aa yet 

The qnandty of fuel ufed in this process of steel melting, in- 
cloding the fael for the auxiliary heating furnaces, is about OM 
ion of coal per Ion of steel produced. 

From the above data the question of prime cost may he an- 
swered approximately. 

Taking the price of Swedish pig iron and of spiegeleisen at £S 
per ton, that of Cleveland hare at £5, and the average waste in 
the furnace at 1 per cent, we require for 1 ton of steel ingots: 

^H The expenses for wages, tepaiis of plan^ and royalties to both 
^Hpbe patentees, will bring the prime coat of the Sietnens-Mutin 
^nteel ingots to about £7 lOs. per ton, which is precisely the EOine 
^^M the prime cost of Bessemer steel ingots made from hemaUte 
^{^ig iron in this countr)-. 

The Siemens-Uartin process seems to have a vast importance 
for the ironmasters of many localities. It is applicable to tlie 
conversion of old materials (wrought iron and steel), it can utjliu 
the waste and ofial of all other piocesses of steel manufacture, it 
is not limited to gray or highly carburized pig iron, and it can 
for bU these reasons be introduced into locahtiea which hav« 
hitherto been in an unfavourable position for the production of 
HjlteeL The question naturally aiises how this new piooess will 
BbSbct the progress of the BeasemeT process, of which it seems to 



) I cuts, of pig iron at £6, 

1 1 cwts. of jiuddlsd baia at I'S, 

Cost of Uateriak, 



^Mi 
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^^B a rivaL In my opinion the nnly infiueace which the SieniGna- 
^■JBrtin process can have upon the Bessemer steel trade will be 
^B etimulatB and assist the latter, and. to widen the sphere of its 
^Kplication. The two processes, working with two different 
^Kisses of raw materials, can never coma into direct rivalry. 
^BFLerever gray pig iron can be hod of ^ufQcient purity for direct 
^Heaveraion the Bessemer process will be the most advantogeoue, 
^Bd, indeed, the only suitable mode of steel manufacture^ but 
^BftU cases where the raw matc:rial is wronght iron, white pig 
^^pn, or pig iron which must ba freed from its impurities by 
^Kiidling before it can serve as a material for steel manu&cture, 
^He Siemens- Martin piucess will find its place. Ey working up 
I tfae waste and ufial of the Bessemer steelworks, the crop ends of 
steel rails, and similar material, the new process will assist in 
cheapening the prima cost of Bessemer steel, in which the waste 
plays an important part. 

Xbe Siemens Martin process, although it is not capable of 
. employing the inferior kinds of pig iron for the manufacture of 
steel direct, is a process of steel manufacture applicable to the 
inferior classes of iron. It seems destined, therefore, to tender a 
moat important service to all those great centres of an old esta- 
blished iron manufacture, the future existence of which has been 
endangered by the irtesistihle competition of the Bessemer 
process, which itself was inapplicable to the raw materials avaU- 
able in those localities. 

The new process will, therefore, render another important 
service to the Bessemer process, and to steel manufacture in 
general, by introducing steel manufacture into localities which 
have been hitherto debarred from it by unfavourable natural 
conditions. This will, to a great extent, destroy the groat and 
organized opposition which has been raised against the general 
introduction of steel instead of iron for engineering purposes, and 
will thereby remove one of the most powerful drawbacks now 
hampering the spread and progress of steel manufacture in this 
country. 

60. Another Neit: Steel — "Of late," says a writer in the Oct. 
number of the ' Practical Mechanic's Journal,' " we have heard of 
several new processes for producing steel, but of the practical 
value of any of them extremely little inioimB.\io-n. Sb, tasraTi.-, 
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and without being able, aa yet, to say exactly in what the pio- 
cess of manufacture consists, we aie able to speak of tlie iiigi 
character of a certain alloy which baa been produced in Glasgow 
by Mr. J. P. Smith, C.E., the Secretary to the Institution of 
Engineers in Scotland. This alloy has now been used for a vi- 
riety of purposes, producing bells of various aizea, of extremely 
clear and perfect tone ; but it has, moreover, shown unheard^nf 
durability as a meta! for cutting tools, more especially when uied 
for turning and planing metals. It has been tried in aevmi 
works — Messrs. Napier of Govan, the Anderson Foundry Co., 
and eleewhere — in Glasgow, where east-iron was cut with it at 
the rate of 60 feet per minute. This, however, was an eari)' 
result; and during the last month it has been tested ag 
the best tool steel In the experiments the rate of cutting wM 
commeaced, we believe, at 50, whence it was increased to 7fi, Mii 
then to 100 feet per tuinnte; and a few days since Mr. Smith 
informed us that he had just heard from the Darlington En^o 
Co, that 200 ft. per minute on Bessemer steel bad been reaclieil, 
with the edge of the tool remaining quite sharp and unworn, 
A Bessemer steel piston-rod has been turned from end to et 
this rate, whereas when an ordinary tool was used a few tums of 
the lathe rubbed the cutting edge so blunt as to require re-grind- 
ing. Mr. Smith's patents are not yet complete; we of codtW 
cannot do otherwise than approve of bis reticence, as it would ba 
most unwise for bim, until his speoiiicfttion ia filed, to disclM 
his method of production. 

We do know, however, that it consists in adding certain sub- 

stances to molten cast-iron; these are added, we believe, bnt i 

few moments prior to the metal being cast, and their addition bu 

I the effect of eliminating the aibcon in lai^ yellow lumps, somA 

of which we have seen — the silicon being probably eliminated in 

i the state of siUcic acid (Si 0^), — whilst the carbon is separated 

I in the state of extremely thin, but often large, graphitic plates. 

t The metal is strictly a cast metal — that is to sny, it cannot b» 

t fo];ged; and indeed the tirst .samples were, we believe, exta^indy 

■Inittle : this detect, however, Mr. Smith baa now overcome, ai 

Bie tUBB it in the form of short bars, which are held in apecial si 

Bflgenjously constructed tool-holdei^, which are again fixed in t 

■ rd»-t«st in the ordinary manner. The retaining- power of thi 
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Kdei consists ia tlie grip produced by two weiige surfaces 
njutting ugainsb each other, not ia alternate directions, but the 
incline of both the tool and that of the wedge being both in the 
same direction, that is downwards; ao that by this adaptation 
the tool can at once be set np to any height, without the least 
chance of the presaure of the cut forcing it downwards — the pres- 
sure of the cut, indeed, tightens the tool by forcing the two wedge 
surfaces firmer ti^ether in the socket of the holder. The material 
is capable of receiving the most delicate degrees of temper, and 
when it is required to be very Lard is east in chills of suitable 
shape. The specimens we have examined exhibit the most per- 
fect homogeneity, and in soma of the fractures the crystals are so 
small as to be scarcely visible under an onhnary pocket micro- 
scope. 

Another peculiar and very valuable discovery which Mr. 
Smith's experiments have developed is the production of a bar 
of metal of various qualities; that is to say, Mr. Smith has shown 
how to produce a har of metal which shall be common cast-iron 
for any part of ite thickness, and coated &11 over, or at one oi 
more aides, with any required tliicknesa of steel For instance, 
if we take the case of a locomotive engine motion bar, it can be 
made with as thick or as tbin a coating of steel on the wearing 
aide as desired, and yet perfectly united and thoroughly in one 
r piece with the cast iron below. 

Mr. Smith has also cast projectiles with a very hard steel 
punching front and a soft rear, his object being to produce shot 
that will not easily break when fired against armour plates or 
stoue forts, but which, on account of the great hardness of their 
striking ends, will possess great punching endurance. It is ex- 
tremely curious and interesting to examine the fractniea of such 
compound castings; the junction of the two metals does not take 
place gradually, as we might expect, but a perfectly straight, even, 
and true line marks the boundary of the two conditions of the 
metal. The processes we have alluded to are only in the early 
stages of their development, but their value cannot be questioned, 
nnd certainly they mark another era in the vast strides of motal- 
lur^c science and practice which are now taking place. We are 
most truly living in a day when iron metallurgy is in a moat 
metamorphic atate. 
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Mr. Smith's tool steel is, wb understand, in tlie market, but in 
limited quantities only as yet, and we hear that it is getting into 
demnnJ. — V. D." 

61, Heatoit'B Patent Steel-Converiivg PiiK&te. — We taketha 
following paper from the ' Engineer' of Oct. 23d, 1868. 
agu — never dreamt of by either mythology or geology, one neitlwi 
of etoDe,Dor of bronze, noryet of iron, which has been its precunoi, 
and which it ia destined to Bucceed — one richer in material bsne- 
Ats and results than even tlie ' Golden Age,' is, without doubt, 
about to dawn upon us — the age of steeL It would be too I 
perhaps, to say that within, half-a-ceutury wrought iron will 
thing of the past, the glories of Lowmoor, of Bowling nf JJnok- 
barrow, of Sweden, of old sable Russia, and of South Slaffoni- 
ahire dimmed or forgotten ; but we m.iy safely and with boIkmIj 
say, that within half that time articles of all sorts, sizes, ud 
kinds — ^tliB most diverse and the most important — will no loi^ 
be fabricated us at present of wrought-iron, but of steel 
age of steel will have then set in, and the use of wrought iioii 
will be exceptional, and by ehoice only, occadionaL The imnu' 
iliate foremuner of this great manufacturing revolution and it 
will be the reduction of the market price of steel for nearly tU 
purposes, but those of cutting tools and the like, down to thtf 
now current for wrought iron of good nuality. Afl the age 
iidvance we liave no doubt even that that will be much lessened, 
and it ia not a wild prediction to say that probably before th* 
middle of the nest century fine steel will be obtainable at a pnee 
per ton much inferior to that now paid for common merdutot bti 
irnn. Our grounds for this assertion are simple and [ 
Steel-making then will cost less than wrought iron making due 
now, and wrought iron making cannot follow in the track f 
has eqiiis, for the vaat improvements in the ecouon ligation of UA 
and in the adaptation of small coal and other iiifi-rior fiiel^ jA 
to be fully realised and diffused over the world by the emplnyOlBBt 
of tlie gas furnace and the regenerative system, equally applybolk 
to wrought iron and to steel ; while with the latter wUl « 
ktlra permatieat advantages of less waste in manufacture, U 
Ibour in the processes of conversion, and a smaller notla; t 

I lies the older knoivn steel-making processes — audi aa 111 
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by cemeutation, by puildling, that of Styria and parts of Wea 
pbalia by means of the refinery bearth, and tbose of Parry Ucbatins 
and of Martin, nearly all of which are still in operation, — there ore 
now employed in steel-mating the Bessemer proceBB, the Siemens, 
and the Martin-Siemens methods — the first upon a very great 
scale and in many countries, and the last uiran a scale sufficient 
to warrant the great extensions which are said to he contemplated 
for it in the north of England. 

Bnt superadded to all these is that process which vn are now 
about to describe anil ofiet some remarks upon, namely, the 
Heaton patent conversion process, which, aSthough at work for 
many months past in one locality — the Langley Mill Works, in 
the Erewasb valley, near Nottingham — upon a mannfiictnring 
scale, and with complete •success, both metallnrgic and mercan- 
tile, is only just beginning to emez^e from the obac^ri^y in which 
it has been so tar kept, through cireomstances, we believe, prin- 
cipally, if not wholly, financial. Should the facts which have 
been laid before ns as to this process — and which it ie our 
privilege to be the first to lay publicly before the world of metal- 
lorgic manufacture — prove to be well grounded and exact (and 
from Iba names they come to us vouched by, we doubt not they 
are unimpeachable), we may, even at ttiis early stage, avow our 
conviction that Heaton'a is destined to become the great steel- 
making process of the future, and that even Bessemer's — which, 
while BO one believed in it twelve years ago, few would now be 
disposed to say is Tiol to be the process of the future — will not, 
in our judgment, after the expiration of his patent, receive at all 
those exclusive extensions that its chief advocatea, paid or unpaid, 
imagine; possibly may even be destined ultimately, and after 
existing interests and plants shall have got worked out, to give 
jjlace to this process of Heaton's, 

Our anticipations are, in fiict, that two great and quite distinct 
steel-making methods will constitute the processes of the future, 
rasefviug, of course, for various specially circumstanced localities 
varioOH other methods, which may to the end of the chapter prove 
the best attainable by them. These leading processes, it appears 
to us, will be characterized by dealing with wholly different raw 
iiinteriala. The one will be the Sietncns- Martin process, or some 
improvements upon it, which shall deal witti fti.6 uitKv.'eisJia ct 
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wrought iron already esiating in the world, sad as it grailuiilly 
gtita tiirown out of use by wear, &c., and uonaigned to the 'unp 
lieap,' or becomes old iron, shall work it up again, and cause il 
to reappear in the form of steeL This will be the process, we Iw- 
lieve, that in the end eretj [treat line of railway existing in tha 
world will adopt as part of its repuimg plant, and which Bhill 
enable it at cost price grsdtially to work up all its old railf acd 
old iron of every other eort into steel rails, and so forth. Tk 
other process will deal, not with malleable, but with crude oc pig- 
iron, as the Bessemer process does partially now, and this, w« bo- 
lieve, will prove to be the Heaton. process. Our reasons for this 
conclusion will be more fully found further on, but one pus- 
mount reason we may as well enunciate at once. Out of torn 
hundreds of varied ' makes ' of pig-iron now produced in Engluul, 
Scotland, Wales, Belgium, and almost oil of Germany, the BessemU' 
process is capable of producing marketable steel from proUbly 
not more than a dozen or two; and tor this simple reason, thit 
the Besaeraer air-refining process is powerless to eliminate wbollj, 
or even to a tolerably low point, the phosphorus and sulphur 
which any pig-iron submitted to it may contain— and heON 
practically has been and is limited to using, as its raw matoiAl, 
pig-iron such as the Barrow hematite iron, £c, which is pncti- 
cally phosphorus and sulphur fi-pe. On the other hand, it i« W 
matter of apecuktion — or even of laboratory testing — hut s bet 
proved upon the great manufacturing scale, and verified hy ih* 
iinalyst, that Heaton's patent process is competent to main tt- 
markahly fine ateel and ' steel iron ' from the very woiBt unl 
most sulphur and phosphorus- chained 'iiiabes' of iron in Gte^ 
Britain, and in a word, to make excellent marketable steel fi^xi 
any ' make ' of pig iron that may be put into the Heatnii MH- 

We proceed to sketch the outlines of this patented ptofW 
and then to present to our readers the facts as to the reBoltt 
obtained from it, which have been put before ua, and upon which 
we have grounded the opinions above given. Although >11 
EjSf\)81slsiPK proceesea are chemical in their methods, tbej all 
bour in the p^ indirect chemical reactions, aided by constant 
plunt. 'dationa, except Bessonier's. That, as is well 

Besides tha older kflJ^''**'' oxidation of the aiUcon, carbon. 
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B of the alkalies and eartliB, if present, by the stream of air 

BDogh the multen cast ltod. Heaton's process is also a direct 

mical reaction, but consists in the application to the molten 

f a far mora powerful and searching agent than heated 

—namely, the nascent oxygen developed at the moment of 

^tact between the molten east iron and such classes of salts, 

rates, &c, as yield oxygen uuJer those conditions. The mere 

I of decarbuTtsing crude iron by the use of nitrates is, me 

:, by no means novel. Notices will be found in many oM 

stic and chemical works, of the reactions produced by nitre 

a red-bot iron. Where the iron, especially cast) iron, is finely 

iided, even though cold, it is well-known to every firework 

Qtat that vivid deflagration takes place. Should the cast iron 

^ts fluid state be brought into direct contact with nitre, i. e., 

rate of potass — although we are not aware that the experi- 

tnt has ever been mode upon a large scale — it might be infer- 

1 that the deflagration of the silicon and carbon would be so 

lB to produce explosion 

Piiitrate of soda, however, a salt much more plentifully to he 

tallied than nitrs, is the nitrate employed by Mr, Heatuii, It 

B-ttot decomposed in presence of fluid cast iiun with the same 

a enei^ that nitre ia, but still would prove an agent for 

e buniing out of the silicon, carbon, sulphur, phosphorus, &e., 

unmanageable, were it not for the extremely siinplo , 

Bt beautifully effective apparatus invented for its apphcuttun, 

~. which constitutes, in fact, the essence of Mr. Heaton's 

tents. 

I We shall not occupy space here by repeating the specifications 

Ihia patents— No. 798, of 1866, and No. 1295, of 1867, with 

"r respective disclaimers of August, 1868. These our readers 

« immediately interested can consult for themselves. Instead, 

I give the following outline of the process itself, and its 

lults:— 

■ Pig or other cast iron, whatever be its quality, is melted in a 

u foundry cupola with coke fuel. The liquid iron in 

9 — usually from a ton et a time to perhaps hereafter 

pmnch as five tons — is tapped out into an ordinary crane ladle, 

i the latter is swung round to the side of the converter. The 

inverter consists of a tall cylinder of boilei:pla.ta,o'^'Q4\.WAKrai, 
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feseoi of Chemistry at Kiiig's College, and Asssyer to the Mint, 
and Mr. Eubert Mallet, C.E., attended at Langley Milla, by dt- 
aire of the owners of the patent, and watciied step b; step the 
process of Bonverting Cleveland and Northnmpton^ire pig irons 
into the aboi'e described materials, 

The following extracts from tlie official preliminary report of 
Dr. Miller will convey to the skilled iron and steel msJcei or 
nietalliirgtst conclusive and etrtkiug evidence of the efTeot and 
value of this process. 

• On that occasion (says Dr. MiUer) 6j cwt. of Clay-lane furt-e 
pig. No. 4, was charged into a hot cupola which contained m 
other iron, and immediately afterward 6^ cwt of Stanton foigt 
pig, No. i, was added, and the whole, when melted, was dram 
off into a. ladle, from which it was transferred to the converter. 
I have made an examination of the following examples : — No. 1, 
crude cupola pig; No. 7, hammered crude steel; No. 8, rolled 
steely iron; No. 5, slag from the converter. I shall first give the 
resnlts of my anulysis of the three samples of metal : — 





(Mpula. 


Crude 


Bit 


Carbon, 


rigW 


Stool (T). 


Sl«^l(8) 


2-830 


1-800 


0-993 


gjlicfui, with a little tLtanium, 


2-950 


0-266 


0-119 


Sulphni. 


0-113 


0-018 


traces 




1-455 


0-298 


0-29! 


Arsenic, 


0-041 


0-039 


0-024 


MttnB;ai.B8o, 
Calcium, 


0-316 


09O 


O'083 




0-319 


O'SIO 


Sodium, 




0-144 


trseea 


Iron (by difference), . 


92-293 


97-028 


9B-I14 


100-000 


100-000 


100 -000 











It will be obvious from a comparison of these results that the 
reaction with the nitrate of soda has removed a large proportioa 
of the carbon, silicon, and phosphorus, as well as most of the 
sulphur. The quantity of phosphorus (0-298 pet cent.) retwned 
by the sample of crude steel from the converter which I analysed 
is cibviously not such as to injure the quality. 

The bar iron (steel iron) was in our presence subjected to 
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many severe tests. It wus bent &nd hammered shnrply ronnil, 
without crackiug. It was forged and subjected to a aiinilar trial, 
both at a cheiry-reii heat and at a clear yellow heat, without 
crackiug; it also welded eatisfaotorily. 

Tbe removal of the silicon is also a marked result of the action 
of the nitrate. 

It is obvious that tbe practical point to be attended to ia tn 
procure results wliich sliall he uni/orm, so as to give ateel of uni- 
form quality when pig of similar campositiun is subjected to the 
procesa. Tbe experiments of Mr. Eirkaldy on the tensile 
strength of various apecimena affoi-J atroag evidence that such 
iinifotmity is attainable. 

The cbemical principle appears to be good, and the node of 
attaining the result is both simple and rapid. The nitric acid 
of the nitrate in tbis operation imparts oxygen to the impuritiea 
always present in cast-iron, converting them into compounds 
whidx combine with the sodium, and these are removed witii the 
sodium in tbe bIi^. This action of the uodium ia one of the pe- 
culiar features of Beaton's process, and gives it an advantage over 
the osidiiing methods in common use. 

I have not thought it necessary tu make a complete analysis 
of the slag, but have determined the quantity of sand, silica, phos- 
phoric and sulphuric acid, as well as the amount of iron which 
it containa. It was less Roluble in water than 1 had been 
led to expect, and it has not deliquesced ihougli left in a paper 
parcel 

I found that of 100 parts of tha fineij powdered slag, ir9 
were soluble in water. The following was the result of mj an- 
alysis : — Sand, 47*3; silica in combination, Gl ; phosphoric acid, 
7'8; sulphuric acid, ri ; iron (a good deal of it as metal), 12'6; 
soda and lime, 26*1 ; total 100 0. 

This, result shows that a lai^ proportion of phosphorus is 
extracted by the oxidizing inAuence of the nitrate, and that 
a certain amount of tbe iron is mechanically diffused through the 
slag. 

The proportion of slag to the yield of crude steel iron was 
not ascertained by direct experiment; but, calculating from the 
materials employed, its maximum amount could not have exceeded 
2 3 pet cent of the weight of the chai^ of molbeu metaL Cooafr 
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qiiently, the 12'6 per cent of iron in the slag would not be moiv 
than 3 per cent, of the iron operated on. 

(Signed), Wm. Allen Millkb.' 

Within the brief space now remaining to us we do not know 
that we can offer any more pertinent or condensed commentirj' 
upon these important results, as thns proved before the balance 
of the analyst, than by printing entire the preliminaiy report of 
Mr. Robert Mailet, addressed aa a private and confidential docu- 
ment to the owner of Heaton'a patents, which, with all other in- 
formation neceBiiary, hoa been placed at our disposal 
Private and Confidential. 

OfEeea — 7, Westminster Chambers, 

Victoriii Street, London, aW., 
12t]i September, 1887. 
Gentlemen, — 

II call upon me to express to you in this preliniiDBry fhnn 

niy opinion upon the reality and commercial value of Heaton'i 

patent process for the production of various qualities of wrought 

ind of steel, or especially of those which Mr. Heaton cleno. 

minates * stnel iron,' and of hie ' tUted cast steal' 

I have at your dcj^ire twice "visited the works at Langley MilU 
'here for some time this system has been in operation npou i 
manufacturing Ecale. 

This process for converting crude pig iron into wrought iwn 
and into steel, by the employnaent of nitrate of soda, iu Keatoo's 
patent converter, has been repeated at Langley Mills many timet 
' 1 my presence. I have examined minutely into its details at 
applicable in practice on a !ai^ scale, and its results, and I havft 
also considered the chemical re^arches made as to the mateii>l> 
used and products obtained by Professor Miller, of King's Col- 

I lege; aiid I have been present at experiments conducted by Ml, 
David Kirkaldy, at bis testing works, Southwark, as to the phy- 
sical qualities of the products which were obtained by this pro- 
cess in my own presence at Langley Mills. In view of all th« 
facta that have come before me, I can affirm the following as 
truths established beyond question; — 
Ist, That Heaton's patent frooess of conversion by means of 
nitrate of soda is at all points in perfect accord with metallurgic 
theory. That it can be conducted upon the great scale with pei 
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feet safet_T, uniformity, and facility, and that it yields pruJucts of 
very higii oommercml value. 

2d. That in point of manufacturing economy or coat, it can 
compete with advantage against every other knoH'u procees for 
the production of wwught iron and steel from pig iron. 

3d. Amongst its strong points, howerer, apart from and over 
and above any mere economy in the cost of production ore thesa 
It enables lirat-clasa wrought iron and excellent steel to he pro- 
duced from coarse, low-priced brands of crude pig irons, rich in 
phosphorus and sulphur, from which no other known process, not 
even Besaemer's, enables steel of cominereial value to be pro- 
duced at all, nor wrought iron, except such as is more or less 
either 'cold-short' or 'red-short.' Thus wrought iron and cast 
steel of very high qualities have been produced in my presence 
from Cleveland and Nortliamptoiishini pig irons, rich in phos- 
phorus and sulphur, and every ironmaster, I presume, knows that 
first-class wrought iron has not previously been produced from 
pig iron of either of those districts, nor marketable steel fi'uui 
them at all. 

Heaton's process presents, therefore, an almost measureless 
future field in extending the manufacture of high class wrought 
iron and of excellent steel into the Cleveland and other great 
iron districts, as yet precluded from the produotion of such raa- 
terimle by the inferior nature of their raw prnducta. It admit=L 
of the steel manufacture also being extended into districts and 
countries where fuel is so scarce and dear that it is otherwise 
impossible, 

I cannot, in this brief communication, point out the prospect 
which the employment of this system presents of greatly diminish ■ 
ing the existing waste of material, fuel, time, and wages, in the 
puddling process, and of lessening difficulties in relation to labour 
questions which beset that process, injuriously to the British 
iron trade. Nor can I adequately point out the large reduction 
in the original outlay for plant, which this system admits of, as 
compared with any other, for equal annual output of iron and 

Dr. Miller has proved incontrovertibly that the Healon pro- 
cess does eliminate from the crude pig iron almost the whole of 
tlio phosphorus and sulphur, the trace remaining being unnbv^a- 
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I tioDsble in the wronglit iron and eteel produoed, even when the* 
(■havQ been made from tlie pig irons known to be the richest in 
lie»e injurioue cooatituents of any make in Great Britain. 
The ^vrought iron made in my presence from CtoTelatid uid 
I Northampton pigs, and tested Ibc tensile resistance also befiffli 
I me, bore a rupturing strain of twenty-three tons per square inch, 
an elongation of nearly one-fourth of the original unit in 
I length. It is therefore iron of great strength and toughnea^ 
^ wid yet probably by no means the very beet that this process i> 
capable of producing hereafter. It poaseBsea those qnali^es wliich 
beet fit iron for artillery, armour plates, and iron sbips or boikn 
The tilted cast steel, also made in my presence, from the vttj 
same pig irons as the above, bore a tensile strain at rupture oF 
I about forty-two tons per square inch, with nn elongation exceed- 
I ing one-twelfth of the unit of lengtlu It is therefore a remuk- 
Bbly tough aud fine quality of steel, weU suited for rails, ship- 
building, and all other structural uses. In a word, steel suit«l 
for any purpose known to the arts, can be jiroduced by lliii 
system from very inferior brands of pig iron, from euch as by no 
other known process could eerriceable steel be m^de at all 
I I must not, however, further extend my letter; I couolniie 
I therefore by expressing my decided opinion that Heaton'a pataiits 
only need the energy and capital requisite to develop all tiul 
they are capable of upon an adequate scale, to prove one of thK« 
metallurgic advances which leave their mark indelibly upon grwl 
national industries, like that of iron in Great Britain, and to 
richly reward those who are its pioneers and who shall join its 
• progress. 

r am. Gentlemen, 

Faithfully your obedient servant, 

Robert Mallbt, F,E.S., M.A., M.LC.E. 
To lie I>ioprietQrs of 
He&ton's paWats. 

Mr. Kirkaldy has been engaged tn. makiug a large series <>t 
I experiments upon iron and steel, produced by this process from 
■i«lmost every characteristic 'make' of pig iron in Great Britain. 
I We have not space here for the tables in which these important 
I'lBBuIts are embodied. Meanwhile we leave with our readers this 
■>«iie parting remark ; — Here is a process by which two results may 
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"he, and no douht will be, realized, eacli in itself of an import and 
magnitude worthy of oven national attention : — lat, by this pro- 
cess the vast deposits of, so far, nea.r1y useless iron ores of North- 
amptonshire — useless because no one could point out any feasible 
or paying process to make tkem into good oaat ot wrought iron — 
can be brought into play remuneratively, and odd to our national 
resources by making Northampto&s-hire a second Cleveland ; 2d, 
The Cleveland pig irou, with its vast, exhaustleae, and cheap 
supply of raw material, can now join the ranks of ateel-producing 
districts — from which it has been hitherto excluded — as well as 
all others in Oreat Britain but a few, because neither the Besse- 
mer nor any other known steel-nu.king process could deal with 
iron so loaded with sulphur, phospliorus, atid other impurities as 
the Cleveland iron is well known to be," 

62. Wolfrum S(e«/.— "If thereis aque3tion,"say3awriteriuthe 
'Sciontiiic Review' of August 1st, 1868, ''which deserves as much 
OH any other to be solved without delay in connection with the iron 
manufacture of this country, it is certainly that of the influence 
(if Wolfram or Tungsten upon the making of steel. We say ex- 
pressly ' Wolfram or Tungsten ' — Tungsten is the metal itself. 
Wolfram is a compound of Tuufjstia acid with oxide of iron and 
manganese. Now, the tirat point we would desire to see solved 
is thia : — Does the metal tungsten unite with the iron when crude 
wolfram is used in certain proportions, or does all the tungstlc 
acid of this mineral iiud its way into the slag, whilst a little of 
the manganese is absorbed by the tteel produced, giving to it 
the desirable qualities? 

Considerable quantities of wolfram ore have been got in Corn- 
wall, and large deposits of this mineral are met with in Germany. 
Since the year 1863, attention has been called to it as an inval- 
uable agent in steel making, and we find that at the Belgian 
works nf Messrs. Cockerill & Co. some two and a-half tuns of 
wolfram ore are used per month. 

That which ia already known of the chemical properties of the 
metal tungsten would lead us to believe tliat, alloyed in small 
quantities with iron or steel, it would undoubtedly exert qaite 
as much influence as manganese, the remarkable properties of 
which, in iron mating, are, at present, universally recognised. 
Although the price of wolfram ia 6omew\va,t \v\^, ww^rrwot^ *&. 
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its comparative scarcitj- in tiaturp, there is, neTertbeleBB, abun- 
dance to be liad, and Messrs. KeifCenheim, of Newoastle-on-Tyne, 
would doubtloaa be able to supply much more than our inin- 
mast^rs are likely to coneunie for several years to come. 

Let us see, however, what Molfram is said to have done for 
steel on the continent by those who have submitted the Eobjeet 
to special investigation. Every one knows that puddled sl*el, 
as generally manufactured, is not equal in quality to cast-aleel; 
neverthelese it is extensively used in conficquence of ita corapsB- 
live cheapness — for instance, in the manufacture of locomotive 
and waggon tirea — it is said, however, to be four or five timM 
less durable than cast-steel. Ordinary puddled steel is also IfH 
well adapted to the manufacture of tiles, raws, swords, edge toolh 
kc., since it does not possess the homogeneous 'texture, the teni- 
city, nor the hardness of caat-atee). 

Now it is asserted that, by the use of wolfram, these superior 
properties can be imparted to puddled steel, so that ita gtaii 
becomes as clear and tine as tliat of cast-steel; and this by Hit 
mere addition of one to seven per cent, according to circnio- 
stances, of an alloy of iron Tnanganete and tunijgten, diiwllj 
smelted from the wolfram ore for this purpose, or even by add- 
ing the crude ore in certain proportions to the iron in the poij- 
dling furnace. 

For wheel tires, two to three per cent of tungsten alloy htf 
been found to answer best iii France ; for tiles, sawe, £e., tn 

1 a-half to four per cent, is tised ; and for dies, pnnehea, boren, 
&c, four to seven and a-half per cent. The theory of the action 
of tungsten upon steel is, of course, much more obscure than list 
i' manganese, which can scarcely yet be said to be entirely ex- 
plained. 

If used for iron instead of ateel, the proportion of tnogsten 
alloy must never exceed two and a-half per cent, of the entire 
metal, otherwise ita hardness will be increased to a prejmlida 
extent ; for cast-iron rollers, however, it is recommended to use a' 
least five per cent. 

In making experiments in England upon the use of tnngstei 

a these circnm stances, we recommend that the alloy produced 

directly from the wolfram ore should be tried. We hare little 

I &itii in the addition of the cyaAb o:t« tm *Cfa.'it tovAenU of the ^d' 
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dling furnace. Attention should slso be paid by sabmitting the 
Tarioos products to analysis, to the relative influenue of the tnau- 
ganeae and the tungsten on the metal produced.'' 

63. Alloys and Qitaai Alloi/e. — " We have noticed from time 
to time," Baya a writer in the ' Mechanic's Magazine,' "various 
uixtureB ot alloys of metals vvhicl have been brought forward as 
likely to be useful in manufacture. Some of them no doubt 
tme alloys, but most of them simple mechanical luiztures. There 
seems to bo a good deal of confusion in the notions of most 
pec^le as to what ie an alloy and what is not To many a sim- 
ple mixture of metals is an alloy, whiither there be any chemical 
combination or not, or rather whether there be a perfect chemi- 
cal combinatioD or not. Any two metals that will enter into 
combination when melterl together will certainly unite to a certain 
extent whether they be melted together in proper proportions or 
not. }tutthen,if one of the constituent's predominate over the other, 
the excess will remain in a free stata We noticed two of these 
so-called alloys of lead and tin lately, where the mixture had to 
be continually stirred till it wae cool, to prevent the precipitation 
of the free lead on account of its greater speciiic gravity, Ho 
<Ioubt these were alloys to a certain extent, and in both of the 
mixtures the alloys may or may not be tlie same, according to 
circumstancea. tin being capable of uniting with some other 
metals in font different proportions, but only in two with lead. 
It is surprising how tew really valuable alloys we possess ; one 
■tB&7 count nearly all of them oji the tingers, so few alloys are 
illeable For castings many others can he ueed, but they must 
ft true alloys, otherwise the free metal will tend to separate itself 
n the other portion of the mixture, and so spoil the casting; 
t have seen this result frequently, and especially with lead and 
~' 1 is a metal which will alloy with olmost every other 
I, and would indeed be a valuable constituent of various 
alloys if it were not for the property it has of making nearly all 
the compounds it entora into crystalline — consequently brittle. 
Tfae only exception that we at the present can call to mind, ore 
ftlhe alloys of tin and lead. We do not consider gun metal a true 
'f copper and tin, but simply an alloy of tin and copper in 
mmx excess of copper; but this la the most valuable quasi alloy wo 
The normal alloj of copper and t\n \r nm-j Ni'rt.'Ov.it, '^ft 
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proportions of each are nearly equal, the copper being a little ia 
excess of tbe tin, tiu being tetiatomic and copper T ' 
"When electro-plating waa discovered, brass and copper were the 
priiiciiml metals used as the bases of the ai'tiolcs which yren 
nianuiaetured to be plateil, these being in use for tbe old clom 
plating proceea. 

Bnt a new basis waa desireJ more nearly the colour of ailvn 
with which the articles were to be covered Naturally, attentioD 
was directed to the alloy called German silver, which abeadyei 
isted, but was not much known or used. This is a triple allc^ of 
zinc, copper, and nickel, and the proportions for the best qualiti« 
are 60 copper, 30 zinc, and 20 nickel. For a true alloy, if niekal 
be biatomic, tbe proportions 60 copper, 26 zinc, and 24 i 
Wimld be nearer the true eqiuvalent ratioa But if nickel be 
tetratomic, as it is now believed by some, the proportions will be 
34 copper, 35 zinc, and 31 nickel. Very little German silverin 
coDimerce is really a true alloy, and most of it contains bi ' 
small proportion of nickel ; in tact, much of the metal g 
by that name ib little better than highly speltered brass, 
reason of this is that nickel is comparatively a dear melal, 
the pure being 69. or 7b. a-pound, and the crude 3s, or Ja ; w 
that an alloy using even the crude metal cannot be produced 
under 2s. 6d. a-pound, if nickel be biatomic : but what is caM 
good German silver can be bought for la. 5d. a-pound. For 
electro-deposit the true alloy is much superior to the metal fonnd 
in commerce, a souad deposit is much more easily obtained npon 
it, and it is much more easily cleaned; hut labour is che^ 
thau nickel 

Many fancy names have been given to this alloy, such as niokel 
silver, eleotra, &c There can be no doubt that true allays aie 
real chemical combinations, for the alloy of two metals seldom 
exhibit the properties of the two metals composing it, but haw 
distinctly new properties. Alloys may he harder than either of 
the metals composing it, and may be denser than the mean of 
tbe densities of the two metals; moreover, its melting point ma] 
be higher or lower than either of them. Much bas been done ii 
finding out good alloys for various niannfacturing purposes, but 
it bas been done by mere blind groping; but let an alio; bft 
considered to be a '*' (xtm'goand, tbaa it will be posnUa 
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to see tbeoreticaliy wliat combinations may or may not be al- 
terapted with any likelibiwd of producing a true alloy. Not that 
its properties can be predetermined, but, whatever these proper- 
ties may be, it will be known that they will he constant, which 
is not the case with our present alloys; acarcely two laeltinga 
have precisely the same colour or hardness, or, in fact, any of 
thfcir ptopertiea." 

64. Alloys — Reeieie of a Lecture f'y Dr. A. Matthieten, F.R.S. 
— " Up to a very recent period," says the ' Scientific American,' 
" the knowledge of alloys was confined to the physical characters 
of a very few of the possible combinations of difierent tuetals, 
and the chief contributions to the general stock of information 
iu relation to the subject were the result of unsystematic and 
desultory experiment. Nothing like generalization was reached, 
iiud it was impossible, from the knowledge of the properties of 
an alloy containing definite proportions of two or more elements, 
to predict, even approximately, the properties of a combination 
of the same elements in varied proportions. The great import- 
ance of the subject has, however, stimulated investigation, until 
at last something delinite has been reached; and althongh as yet 
the smallest possible portion of the field, has been worked over, 
au approach has been made to the proper method of working, 
and, as a consequence, wo shall no doubt witness results equal 
in importance to other modern chemical discoveries which have 
i:reated new branches of art and manufacture, and revolutionized 
many of the old. 

The researches of Dr. Matthiesen, the results of which he 
submitted to the fioyal Society, in a lecture delivered at the 
Uoyal Institution, on the evening of March 20, are of great in- 
terest. The lecture was illustrated by many beautiful and inge- 
nious experiments, and undoubtedly ranks among the most valu- 
able recent contributions to science. 

Dr. Matthiesen's deiiuition of the term alloy is, a ealidifled 
ioUdirm of one metal in another. By solidified solution is meant 
u solution of substances which have become solid, e. g., glass 
obtained by fusing together different silicates, and allowing the 
homogeneous liquid to solidify. The most important character- 
istic of a solidified solution is its homogeneousnesa The most 
p'/werful microscope should not reveal its componeuts. 
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As an illustration of the difference between chemical » 
tion and the solution of nietui in uietul, the lecturer plunged i 
rod of ^Id and another of copper into sepamte portions of molta 
tin. The gold dissolyed rapidly in the tin, hut the copper m 
though previously tinned to insure perfect contact between th 
two niutals, reoiaiaed undissolved. To properly appreciate th 
experiment it should he borne in mind that the fusing ]ioint« < 
gold and copper are nearly the same {gold, 2,016^ F., co 
1,990° F.), and much higher than the fusing point of (in, v 
is 442° F. 

This experiment was followed by others equally iustmctiv 
and intereeting, calculated to show the solvent power of fi 
Bubatanoea. 

Dr. Matthie««n pmoeeded to ctassilj the phenomena attendiq 
the solution of metala in metals, as follows : — 

I. The Bolid metal dissolves quickly in the melted one * 
Bvolution of heat Examples : gold in tin Just melted ; sodii 
to mercury. 

II, The solid metal dissolves quickly without evolution of hert 
Example; lead in tin just melted. 

IIL The Boliil metal dissolves slowly. Example : ooj^ u 
tin just melted. 

rV. Only a partial alloy is formed, or in other words, » 
metal dissolves to only a limited extent in the other. E 
amples; lead and zinc, lend dissolving only 1-6 per cent lit 
and zinc only t "2 per cent, lead ; bismuth and zinc, bismuth A 
8i>lving only 8'14 per cent zinc, and zinc only 2'4 per osnt 
biamutL 

He also divided metals considered as components of alloys in 
two claaaea ; — 

Glass A. — Those metals which impart to their alloys oertui 
physicjil properties (such be conducting power for electticj^ 
in the proportion in which they themselves exist in the allnj* 
The metala belonging to tbis class are lead, tin, zinc^ and tt ' 
miain. 

Clues B. — Those metals which do not impart to their d 
loyg such physical properti&a in the proportion in which th^ 
themselves exist in the alloys. All the inetals, except the fi 
njiined as belonging to Cks^ A,'^TQbeH^ come under this hoM 
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He further separated alluya into three groups: — 

a. Those raado of the metala belonging to Ckas A with one 
another. 

b. Those made of the metals belonging to Class A with those 
of Class B. 

c. Those made of the metals belonging to Clasa B with one 
another. 

The Doctor showed by a series of conclusive and remark- 
ably ingenious experiments that in alloys specific gravity, spe- 
ci£c beat, and expansion due to heat, are in all cases ap- 
proximately equivalent to those possessed by the component 
metala ; and that fusibility and some other properties are never 
equivalent. 

Another class of physical properties are those which in some 
eases ^re, and in others are not, imparted to alloys in the ratio 
in which they are possessed hy the component metala. Tliia class 
of properties includes conducting power for heat and electricity, 
sonorousness, elasticity, and tenacity. The separation of metais 
into two classes (A and B) is foimded on a consideration of the 
latter class of properties 

Alloys made of the melals belonging to Class A only (lead, 
tin, zinc, and cadmium) conduct electricity in the ratio of the 
relative volumes of the component metala. The conducting 
powers of a series of such alloys, say those of tin with sine, may 
therefore be represented graphically by straight lines 

In alloys made of the metals belonging to Class A with those 
oF Class B, the conducting power of the B metal undergoes a 
marked change, while that of the A metal remains unaltered. 
The conducting powers of a series of such alloys, say those of 
copper with tin, is represented graphically by a bent line approxi- 
mating to the form of the Letter L. There is a rapid decrement 
on the wde banning with the metal belonging to Clasa B (cop- 
per in the case referred to) until a certain point is reached, when 
tile line turns and goes straight to the roeta! belonging to Clasa 
A (tin in the case cited). 

In alloys made of the metala belonging to Class B only, the 
eonducting power of each component undei^oes a marked change, 
hence each alloys do not conduct electricity or heat in the ratio 
of the relative Toluraea of their component metala The curve 
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which represents grapbicoUy the condacting powere of a aerio 
of such altoTS, say tlioae of silver with gold, has approximately 
the totra of the httet U. There ia a rapid decrement on 
evil) of the cur»e, anJ the turning pointa are connected by s 
nearly straight 

The turning points of the curves representing the conducting 
powers of eenea at alloys of the second and third groups, Di 
sarily correspond to certain alloys in which the alteration of the 
physical properties of the componenta ia most strikingly exem- 
pMed. It ia a fact of no small importance, therefore, that theso 
turning points represent approximately the composition of i 
of the most valuable alloys which are employed for technical 
purposes, Thus, gun metal, containing 10 per cent, tin, ii 
marked on the copper-tin curve, the turning point of which cor 
responds to 125 per cent. tin. Brass, containing 28 per cent, ann 
ia marked on the wipper-nnc curve, the turning point of which cor 
responds to 25 per cent, zinc Twenty-two carat gold, alloyed 
with silver, is marked on the silver-gold curve, close to or 
its turning points, and the same alloyed with copper, on a, IXI^ 
responding portion of the cnpper-gnld curve. Again, a salver- 
platinum alloy, containing 33 per cent of platinum, employed 
hj the electrical standard committee for their unit-coil, i 
largely UBe<l by dentists for making springs for artificial teeth, is 
the alloy which forms the turning point of the silver-platiDimi 

Further exptrimenta demonstrated the fact that alloys of C!«f 
E with those of Class A give a great increase of aonorousness. 

The following experiments were made to test the tenacity ol 
metals and alloys, with the annexed results. The tension wai 
made by the use of a winch, and measured by a spring balance. 
irea used were double, gauge No, 23 : — 
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These results show that the tenacity of metals belonging to 
Class B is greatly increased hy alloying theiu with metab of the 
eame class. By experiments with spirals of hard drawn wire of 
the same gauge, it was shown that elasticity follows the same law 
ts tenacity. 

The practical conclusion drawn from the facts illustrated by 
these experiments was, that when a new alloy is desired which 
shall possess some special physical property, an examination 
should first be made of the alloy indicated by the turning point 
of the curve which represents the conducting power of the two 
metals. 

We consider these conclusions to be of the greatest iinportunoe, 
and venture to predict that through their applicatinn during the 
nest decade many valuable discoveries will be made, and a new 
impulse given to the art of metallurgy." 

65. New Alloys of Lead and Tin. — " According to some ex- 
periments made by Mr. Pilho, two kinds of pewter can be ob- 
tained, each of which contains less tin than the ordinary pewter of 
commerce ; he states that tbeee two new alloys are not acted upon 
by boiling vinegar or by salt water. The first contains 1 part of 
tin and 2'4 parts of lead. Its specific gravity is 9'4, and it melts 
at 330'' Fahr. It is obtained hy first melting the lead, and after 
Bkimming it, gradually adding the tin, and stirring the mixture 
constantly with a wooden rod after each addition, otherwise the 
lead would settle at the bottom of the crucible. The other con- 
eiuts of 1 part of tin, and 1 '26 of lead. It is less malleable and 
more brittle than the former.'' — Scientific Review. 
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66. Railways and their Management. — The paper from which 
llie following is extracted was read before the Society of Arts by 
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Mr. Robert Fairlie, CE. " We tiiiw cope to that which is no 
less important than all that Las gone before — I mean the wott 
ing of railways. We cannot recall the outlay of the past, hut I 
firmly believe that even the most unfortunate railways can be re- 
deemed by a wise and well-arranged system of working. I ahalJ 
endeavour to Bhow that revenues can he increased concuirent 
irith a lai^ reduction of expenses, and I would not be here tlm 
evening BoHciting your attention unless 1 felt myself in a position 
to satisfy you how this can be done. 

Ab to tbe revenue, I do not believe that railway managers, u 
a rule, trouble themselves to know the return derived from eacli 
train run as compared with the expense of the same. I woulii 
have a debtor and creditor account with every train despatched ; 
allowing on one side the whole of the expenses incidental to it, 
and on the other the total amount earued. The experience of 
the last 35 years provides ua with very reliable figures of the 
cost of the train mileage, inregardof every description of expendi- 
ture; and every train that would show a deficit in balancing the 
account should be unhesitatingly abandoned, except in such spe- 
cial cases as do not a&eet the general question. 

I illustrate this in detail by a reference to the published 
counts of the London and North Western Railway Company, 
for the half-year ending June, 1866, which I have selected be- 
cause it is comparatively low in the per-centage of working 
expenses, and almost the best paying of all our railways. The 
gross earnings are at a rate of about 6b. per train per mile fof 
passengers; and for merchandise 63. 3^. To give shareholden 
the return to which they are justly entitled from this cLus it 
investment, I consider that the gnisa earnings necossary for this 
purpose ought not to be less than 7e. 6d. per mile for pas- 
senger trains at 30 miles speed, and increasing in amount to 
10a. for 30 miles; Hs. for 40 miles; 20s. for 60 miles; and 
30b. for 60 miles. It is absurd for companies to make so littla 
L difference in their charge between high and low speeds as they 
I do, knowing that whether in respect to the road, plant, or fuel, 
I the coat increases in proportion to the velocity, and the charges 
■ Bfaould, therefore, he proportionate. I was much struck when 
BJooldng over (he London and Biighton Railway acconnts, to find 
BjUut the gross earnings were under 4s. lOd. pet train per 



altbouyli, of my oirn kuowIeJge, I ani aware Unit many of tliair 
express trains, to and from Brighton, ounaat of some 20 camageB, 
each coiitainiiig about 20 passengers, whoso fares (allowing 25 
per cent, for season-ticket holilera) must i^ize not less tban 
ibout £3 per mile. It is clear, therefore, that the Brighton 
Company am louuing a large number of trains at a positive loss, 
else the average would not be so seriously reduced. If 4a. lOd. 
la a fair and reraanerative rata (which it is not) no train should 
he run under that standard; and the maximurn of £3 per train 
per mile is as mucli beyond what is necessary as the miniiDum is 
below it; the medium between the two to be arrived at, by an 
ibandonment of all unpaying trains, would produce to the com- 
pany a handsome acceasion to its revenue on the one hand, a 
permit of a large reduction in the charges to the public on the 
other. I may be told that the cutting off of the unremunerative 
trains would he an invasion of tlie public convenience; but the 
best test of thta is the patronage bestowed on particulai trains, 
and the neglect of others which consequently do not pay. I am 
not forgetful that many of those unremunerative trains have been 
run, some from a spirit of rivalry, and some from a fear of com- 
petition ; but rivalry must disap[>ear in an effort to restore pms- 
perity, and competition has found its level. Besides, the public 
are not so unreasonable as to expect that companies are to carry 
them without a proper return ; the interests of both are identical, 
and neither is advantaged by a condition of things which has 
resulted in so much loss and misfortnuft The expenditure part 
of the question is equally of vital importance, and I beg now to 
call attention to the amazing folly of railway engineers in over- 
weighting the trains with that unnecessary and cumbersome 
appendage, the tender. The average gross weight of passenger 
trains may be stated at 70 tons ; the average weight of a tender 
is over 25 pet cent, of that, and invariahly is over 200 per cent, 
in excess of the whole paying portion of the load carrii^ Now, 
when wo know that not only is the tender costly, unnecessary, 
and cumbersome, but that the load of fuel and vfater which it 
conveys for supplying the engine can be made available for in- 
eieosing the power and efhcioncy of the engine itself, I ask, 
's to be thought of the persistency in continuing such an 
>videiit ^etem 1 There are at this moment working with 
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great succoss, on a Welah railway, engines with no teoder, I 
where the fuel and water are in the highert degree conducire 
the increaM of power, economy, and safety, In their case I 
weight 13 distributed equally upon a large number of wheels, &.U 
iucreasing the adhesion upon the rails whilst the weight ja 
wheel ia proportionately reduced These advantages must at 
be apparent, and, I believe, will lead to an entire revolution it 
our locomotive arraDgementa ; besides, the enormous economf 
which is effected in the maintenance of both engine and road it 
of the highest importADce in. the embarrassed uondition o! 
railways. As re^peota the co!:t of tenders, and bow they si 
the dividends of railways, the following is given by way of illB»- 
tration : — The London and North-Weatern Railway, which hu 
the most Tiniforni, and therefore tbe best paying, merchandise 
of any line in the kingdom, shows by its balance-sheet, ahead]' 
quoted, 7,333,371 tons of goods and minerals carried during tbil 
half-year, being abont 46,800 tons net for each working day; till 
tare of this tonnage would not he less than a like amount, giving 
the gross tonnage per day at about 93,600. The average grow 
weight of each train, exolusive of the bcomotive and tender, msj 
fairly be set down at 300 tons; therefore the number of 
per day would amount to 312, but from the fact, as stated 
balance-sheet, that the gross earnings of those trains per mile an 
under 6s. 4d., and taking the rate of freight at one penny per ton 
per mile, which it is believed is a uorrect average, we are able to 
mate the paying load to each of those trains of 300 tons gross to 
be about seventy-six tons, or only 25 per cent., and thui 
that the number of trains per day must really be about 
stead of 312, It is true tliat merchandise is composed of clasMi 
according to bulk and frailty, in many cases less than half-a-ton 
lilting a wagon, and thus reducing the proportion of di^ail weight 
to paying load, but it is also true that in all such casts chafes 
ide not only to pay for the full carrying weight of tbe 
wagon, but leaving ample margin to cover the risk of breakags 
handjing. The same balance-aheet shows that each net ton 
carried produces to the Company a sum of 4s. 7id., which, at 
penny per ton per mile, gives the average distance of each ton 
carried to be 55 J miles; we have, therefore, 609 engines and 
tenders running 55J miles every working day. Following lbi» 
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reasoning, let us see how doing away with the tend'T Bffects tha 
(juestion. Taking the tender to equal the weight if two loaded 
wagons, giving a net result of ten tons, and there being 609 in 
motion every day, it fidlows that their equivalent in net paying 
load would be about 6,000 tons carried per day 65^ milea, which, 
at the name average rate of one penny jier ton. per mile, gives the 
smount earnable from this source at £1,387 10a. per day, and 
for 313 working days — representing one year — £434,387 lOs. 
We hare been speaking of merchandise and mineral traffic only, 
but applying the same scrutiny to the figures of the pEisaenger 
traffic (provided, of course, there were passengers to be carried), 
and BUbstitnting cairiagea for tenders of an equivalent weight, 
ve should arrive at an income of a somewhat similar amount, 
both amounting to ^868,575 per annum net earnings, equal to 
a dividend of over 3 per cent, on the ordinary share capital It 
is well known that the cost of maintenance of tenders is fully as 
much, if not more, than that of the carriages or wagons which 
ire au^eated for substitution. 

The method of conducting passenger traffic yielding ho little 
per train per mile is of such importance, and the discrepancy 
between remunerative and unremunerative weights hauled ia so 
irrational and glaring, that it deserves to be considered a little 
more in detail Still quoting from the London and North- 
Western Railway balance-sheet, it appears that the gross produce 
nf 9,613,195 passengers is £1,280,607, or under 23. 8d. per 
passenger. Taking the average rate for each at 1 jd. per mile, 
tlii-s gives 21 miles as the distance travelled by each, whilst the 
gross eamingfl per mile of passenger trains are about 5s., which, 
at a like rate of Ijd. per mile, shows that the average nnmber 
of passengera per train per mile is iO ; allowing for a consider- 
able amount of Inggago to each passenger, this number could 
iiot be estimated at more than 4 tons. Now 4 tons is neither 
more nor less than about one-twelfth of the weight of the lo- 
comotive engine and tender (the tender alone being about five 
times this weight), and taking the passenger trains at say 00 
tons, the paying load will bear not more than l-24th part of 
the gross weight of each train. It ia evident, therefore, that 
the paying is altogether out of proportion to the unpayiiig load, 
although it is admitted that on railways such as the LondoD 
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Mid Knrth-Weatern, from the circumstances of tlie great length 
and nnmeroue unprofitable brancbits, thero must always ffidst s 
much larger proportion of dead to paying weight than ia 
case with lines with no euch. encumbrances. Now, there is no 
reason whatever why the present liiapToportion should exist, or 
anything like it. 

This is no new subject with men who have given their se^ 
rious and unprejudiced attention to it. I find that in 1849 
Prof&ssor Gofdon, an engineer of considerable eminence, expressed, 
in a very able pamphlet called ' Railway Economy,' simiJar T 
to those which I have advanced. In page 4 he says — 'The fil- 
iating railway machinery will be found to be monstnjusly dispro- 
portionate to the useful effect produced in four-fifths of t* 
nnraber of times that the machine is put in actioa And toti 
waste of power may be most justly attributed much of the pre- 
sent embarrassment of railway companies.' 

The jndicious despatch of trains, and the proportion of paying 
to nnpaying loads, are two of the most important subjeots ct 
nected with railway management. These, however, could be 
grappled with at any time by a really competent man, so as to 
enormously increase the net result even with existing stock; bnl 
there are the dilficulties which always surround independent li^ 
partjnental control, exhibiting on all occasions a strange unwilling- 
ness to adopt any change which shall interfere with their precon- 
ceived opinions, or occasion trouble or thought in departing tnn 
a system which one is tempted to think has its own personal pe- 
culiar advantages. It seems never to have occurred to these gen- 
tlemen that in the discharge of their important duties, involving 
every consideration they can bring to them, in the interest of thtit 
employers, what a. close relation there is between the question 
of the dead weight necessary to the efficiency of the traffic anil 
the dividends to those who have entrusted them with their im- 
portant functions. 

The Metropolitan Eailway is, without exception, one of the 
greatest engineering triumphs of the age, being one of the a 
where coat, it would aeem, has been of secondary consideration; 
but, certainly, its management cannot be commended, and tinit 
r will not permit of dealing with the general question. The n 
kituds of the traffic is evinced by the fact that during the lud( 
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J December, 186T, nearly twelve miUioiia of pasaun- 
B carried over tlie line by 348 traina on week-days and 
n Sundays, averaging over 328 triiina per day througkout 
• year. The distance run by eacb of tlieae trains ia understood 
e 4J- miles, consequently tlio train miles per day are over 
", By dividing tbe actual number of passengers, 1 1,916,924, 
Kied for the half-year, by the number of days in the same 
iod, we obtain 6S,298 passengers carried per day, which, in 
B trains, is 198 passengers pertraia This number of passen- 
8 per train for the entire distance run — say 4^ miles — would 
a average of le,s3 than 47 passengers per mile. This, how- 
f, is not the case, because the gross earnings per train per mile 
er 98. 4d., the amount chargeable per passenger per 
d require to be about 2-^*[,d. This would ho above the 
i rate chai^d. It ia, however, impossible to find out 
e companies' balance-sheet what the real average is. To 
e at something like an average, I take 100 passengers, 60 
e and 60 return journeys, from Moorgate Street to all sta- 
i, and divide these into 20 finst class, 30 second-class, and 50 
i class, which will give the average rate per passenger at 
S'OSd., and this divided into 9s. 4d,, gives a little over 65 pas- 
aeugera per train per mile. The trains on this line are mostly 
composed of five carriages, weighing about 1 6 tons each, and one 
locomotive, weighing 42 tons, together 122 Ions. Thus we have 
122 tons of train weight to carry an average of 56 passengGTS, 
which, at 14 to the ton, is under 4 tons, being only 1 ton of 
paying load to 30 tons of dead weight. Some objection may be 
taken to this mode of dealing with figures. It will be said the 
average number of passengers givflE to each milo cannot he con- 
sidered as the exact numbertravelling that distance. This is no 
doubt so, but it cannot materially affect the question, for if the 
whole average of 198 passengers travelled 1^ mile, there would 
be none the remaining 3 miles; the only difference in the pro- 
portion of paying to uupnying load which could rise from this 
wonld be a sliglit increase of tlie former to the latter for I^ 
mile only, while for the thi-ee miles it would be wholly dead load. 
To prove the correctness of this calculation, we have only to 
assume what many might be disposed to imagine, that 168 pas- 
sengers instead of 55 are carried p«r tnun pet m^, "Ctta iesQ& 
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101,293.854 instead of aearly 24,000,000 nowm 
ried. 

Notliing could b« more appropriately said at this moment tbu 
tiie following quotation from Professor Gordon's pamphlet, wiit 
bn twen^ jeara aga At page 24 he aaja ; — ' Tliese figotw in- 
dicate the small portion of the mechanism of the railwaji;^ 
tcm of transport that ia actually brought into requisition en 
on the most frequented lines. Thousands, nay, millions of mil^ 
are run by locomotives and carriages on the present system, wbilM 
they are performing an amount of transport of passengers pre- 
posterously diaproportionad to the power and capacity of lb 
tniua employed for effecting it' 

Contrast this condition of things on the Metropolitan Bailwsf 
with our ordinary omnibus traffic We find that the omnibot 
which has to travel over an infinitely worse road than any lint^ 
weighs som«wborD about one ton, whilst it carries 3S passengei^ 
or two tons, thus giving a proportion of two tons of paying to 
one ton of unpaying load; but as we hare included the weigh) 
of the horse, i. «,, the locomotive engine in the calculation tm 
the metropolitan working, it is but fair to include the horses which 
haul the omnibus. Two horses with every equipment canoat 
weigh a ton, consequently at the veiy outside, the proportion 
is one to one, or one ton of paying load to one ton of mate- 
Hal employed to convey it. Tlicee are very suggestive bets; 
they have surprised me ; and that this line has earned any divi- 
dend at all under these circumstances proves its enormous pro- 
ductive capability. Beyond the question of proportion of etfoctive 
to non-nffeotive duty, let us consider how it all bears on the 
tnaintEnance of the railway stack and road, and how they an 
■ffected thereby. I have already given the weights of the loco- 
motives and carriages, the foruier at 43 and the latter at It 
fens ead). 

The carriages have very long wheel bases, consequently Ihej 
offer great resistance to the tractive force of the engine, besides 
being very injurious to the rails rounding the onrves. 

The engines have 32 tons on 4 wheels, or 16 tons per pair. 
Wo have only to imt^ine this enormous weight ploughing along 
■t SO miles an hour to form some idea of the destructive effect, 
ly to the lail^ but to the substructure and the maoliines. 
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the effect being destructive alike to alL No wonder that the 
line has, as it ia etated, been relatd in many pluces three timea 
with steel rails since it opened five years ago. Not content with 
thid rate of destruction to road and stock, th M t p iitan Com- 
pany are now receiving, or about to rec lie n t nginea 
of a still more destructive character to n k tb St, J hns-wood 
tii&Qcb, weighing 45 tons on 6 whcele, w tb a wh 1 base of 14 
feet. The only approach to a saving fea n th 4 ton en- 
gines — viz., carrying the leading end of th g a a hissel 
truck with four wheela — is in these new engines omitted. Ihe bia- 
eel arrangement does to some extent reduce the enormous friction 
of the engines on rounding the curves, notwitbstandirg which 
the grating and grinding noise of the wheels can be heard at a 
considerable distance. The spirit of rivalry between armour 
plates and gnus ia reproduced in steel rails and locomotiTe engines, 
with this difference, that the armuur plates can be made to with- 
stand the power of the heaviest guns, whilst steel rails cannot 
withstand the battering of these 4S-ton steam hammer locomo- 
tive engines. 

The destructive element of tha ordinary type of locomotive ia 
so vital, and affects the question of shareholders' dividends so 
much, that I would fain trespass on the time of the meeting to 
fihow how this results. The superstructure or principal weight 
of a locomotive engine borne on six wheels is supported on six 
points close to and inside each wheeL Eetween these supports 
and the wheel the carrying springs are placed. Now, a very 
heavy engine with a great amouDt of overhang must, from the 
imperfections of the road, rock about a great deal, and the centre 
of gravity of the engine, instead of moving forward in a straight 
line, as it should do if the line aad everything connected with it 
were perfect, forms a continuous line of curves and reverse curves 
on each side of the line of directiun. 

This is caused at first by some defect or slight obstruction in 
the road, and afterwards kept up by the springs receiving and 
deflecting with the force of the up-and-down movement of the 
great body of weight resting on tliem. 

This action of the springs is caused by the oscillation of the 
centre of gravity to either side of the centre line of motion, and 
then easing tbemselves by llinging the wei^^t iiam Qua^n'd&ei 
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other, either diagODal to, or ut right atigles with, the line trf 
motion, atid bo repeated uotil the o^cillstions are gradnall} 
diminished; bat it is found in practice that the oacillatioiH 
never cease, for before one set is completely reduced anotba 
commences, keeping up a constant sufgtng or soughing from sid* 
to side dnring the entire journey. The enact force of impart 
on the rail caused in thia manner is represented by the amount 
of deflection of each epring teyond its normal condition. Wb 
shall be well within the mark by saying the destructive effect to 
the rail ia orer 60 per cent, more than the normal load on the 
wheels, ThuH, in the ease of the 45-ton Metropolitan engiuM 
it ie not simply this weight divided over six wheels, but a ci 
cuBsion of 60 per cent, in addition, or between 11 and 12 h)M 
blow on the rails. Herein we find the explanation of the fre- 
quent necessity for the renewal of the rails. It is often argued 
that, because the additional load is received, taken up, and afto- 
wards thrown off by each spring, the damaging effect on the rails 
is very little beyond that of the normal load, but I submit t' 
this is not ao. On the contrary, whatever extra force is thrown 
on a spring by momentum to flatten it beyond its normal con- 
dition, that extra force passes to the rail — not, however, as 
blow of a hammer, but as a load graduated from its normal oon- 
dition according to the velocity of the wheels and the time taken 
up by the springs in their action of deflection and return. 

The beet practical illustration I can offer to the meeting n 
all these paints of mechanical engineering is to invite sttention 
to the modele and dravi^ings before it of an engine which has been 
epecially designed to meet the objections we have just been dis- 
cussing. The engine does not exist as a mere abstract idea, but 
is daily in operation on the Neath and Brecon Railway ; and within 
the last few days one of them, which has been working over 
years, has undergone a severe teat in tlie presence of several emi- 
nent engineera, who, in consequence, have accorded it their wj 
est approval, several of whom I have the pleasure to see here this 
evening, and who may probably be disposed to describe their own 
experience. 

The engines are remarkable for the almost total absence of 
oscillation, and the graceful ease with which they run round the 
Tery abarpest curves ia matter c" ^ae to all who have ridden 
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on them, the aenae of safety experienced when on the engine is 
irresistible, and the motion ia ao pleasantly unlike that of the 
ordinary engines, that it has been described by Captain Tyler, of 
tbo Board of Trade, aa giving the sensation of Hying, and by 
others as that of sailing in eniootli water. In corroboration of 
this it may not be considered out of place here to quote u pas- 
sage from the report of Captiua Tyler and Mr. Eboral, who have 
lately returned from an inspection of the Grand Trunk Eailwsy 
of Canada, In page 44, after giring a full description of the 
locomotive engini^s is use on that line, the report says, ' The 
class of engine best suited to the climate, and for the various 
circumstances of the case, would, I have no donbt, bo on engine 
running on two hogie trucks, each provided with a pair of cylin- 
ders, and four-wheeled or six-wheeled, according to the work re- 
quired — and without a tender. Saoh an engine would be pecu- 
liarly safe to travel over a winter road ; would combine a mini- 
nium wear and tear to itself and the rails, with a niaxinnim of 
adhesion, and would be the most etiective and most economical 
that the company could employ. 1 had the opportunity some 
time ago of testing engines of this description on the Neath and 
Brecon Kailway, designed hy Mr. Fairley, and have found the 
principle to be good, though certain points of detail require im- 
provement. Snch engines are also in use for the sliarp curves 
and steep gradients of the Queensland Railway.' 

These engines have developed a relative power equal to two 
of the engines employed for hauUntj the goods trains ou the Lon- 
don and North-Western Railway, whilst the destructive effect on 
the rails, road, and engine, is greatly reduced. The einployoient 
of such engines would enable companies to double the carrying 
capacity of their lines without necessitating any additional out- 
lay, and therefore they are especially valuable in the case of single 
lines. There are those who might consider it inexpedient to 
increase the present dimensiona of goods trains, and in that case 
the engines would he too powerful, but the point ia met by their 
permitting a very largo reduction to be made in the weight per 
wheel, amounting to so much as one-half that on the ordinary 
engine wheels, while its power remains equal to the best of them. 
It wiU therefore be readily understood that the life of the wheel 
tyros and rajla would be greatly prolonged. CoTK5afiwa\^jft.*^» 
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London and North-Western, having reached, it ia supposed, fte 
maziiuam of load per tmin, hive been driven to the costly expe- 
dient of tripUcflting their lines of rails for great distances. I ven- 
ture to think that this immense outlay could have been avoided 
by the use of engines better adapted to the exigenciee of an ovn- 
crowded traffic, whilst at the same time assuring a saving in 
haulage labour of nearly one-hali^ together with a most appre- 
ciable saving in fuel 

I have spoken of the Metropolitan Kailwuy and its enonnou 
traliio. That is but a portion of the prodigious traffic of the me- 
tropolis and its Buburbs, This description of traffic should ba 
treated in altogether a different manner to the main provincial 
lines. The Metropolitan should be conducted by stoclc giving 
the minimum of dead weight with the masiraum of efficiancj; 
this, I think, could be best done by what may be termed steuu 
omnibuses, made to carry say 6 passengers, but with power suffi- 
cient to haul additional carriages during the busiest hours of lbs 
day — in the middle or slack time the omnibuses alone could cany 
the mean average of passengers. The weight of the entire ma- 
chine, tc^ther with its load of passengers, would be lees than 
that of the present locomotive engine alone. I have brooglil 
here to-night the drawing of a steam carriage, designed espresaly 
for conducting the trofiic of the proposed cheap lines in Ireland, 
which will be useful to show you the character of steam omnv 
buses (to be modified to suit circumstances) I should recommend 
for working metropolitan lines. This carriage would work with 
efficiency and economy the lina over Mont Cenia. 

Before closing this paper — already, I fear, too long — I dean 
to do justice to a gentleman, Mr. James Samuel, who^ whan 
engineer to the Eaatern Counties Bailway, successfully pot in 
practice on that line very much the system of locomotive whicli 
I advocate now for metropuhtaii and branch lines. Mr. Samuel 
worked liia invention for some time between London and Nat- 
wich, not only efficiently, but with very great economy. Th« 
monomy was so striking as to ba hard of belief Why his system 
wu discontinued I am not able to say; but of this we may be 
sun, thftt if the directors of that company had peisevered wiUi i^ 
their shareholders would not to-day be mourning over an. unpro- 
duotiva property. We should Kpyreciate the man. who in those 
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earlj days ivii-i the first to remedy the laonstrous disproportiiiii 
between the paying and nnpaying load of the trains, and it is 
Eatisl'aclory to he able to show you tlie drawings of Mr. Samuel'e 
invention of that day. 

I have thas endeavoured to tiring before the Society a prac- 
tical means of inanring the cheap conatmction and working of 
railways. To the noble Matquis in the chair, who is so con- 
stantly engaged in practical measures for tha development of 
Irish prosperity, I llutt-er myself this moat be a Eubject of pecii- 
Uar interest It will, I venture to think, create an impression 
in his mind that the Irish railway system may he completed 
with comparative ease, and that it cannot fail to prove remune- 
rative. Ireland has no truer friend than the noble Marquis; 
and it would not be difiicult to prove that as a statesman and a 
itsident landlord he has devised practical nieosurea for the 
substantial advancement of the country which have had the 
merit (something of a novelty) of commanding almost perfect 
unanimity. My plans may not command uniform assent, but at 
all events they are practicable. They may be opposed iu some 
respects to established notions; hut tbey effect the great object 
of giving all countries what they need in the way of intercourse 
at the cheapest possible i>xpense, I submit them as in some 
ilegree a remedy fur tlic errors of the past and of the present 
in financial mismanagement, and as a security against the evils of 
wimpetition. With regard to Ireland, the noble Marquis will be 
the first to admit the advantages of substituting locomotive power 
for horse labour in bringing producers and consumers together. 
This is one of the main elements in agricultural progress. There 
is no reason in the world why the locomotive should not reach 
the remotest pRi1>s of Ireland, It depends upon surface lines 
worked by engines such as I have described. Sheep and cattle 
will increase in value ; and the products of the field will never be 
deteriorated and wasted by distance from their markets. All 
Irish industries will be stimulated, and new careers opened for 
labour and capital, beneficial alike to those who engage in them 
and to the country." 

67. Rolling Stock. — The following able paper we take from 
tha ' Mechanics' Magazine,' under dates October 2d and 9th, 
1868 : — "With the exception of the locomotive, ftiii ^KSkyst ^aA 
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^^ of the rolling stuck of railwuys liaa not undergone anyverjur I 
^P diced change tdnce their iirst introdtiction. We have still doM, I 
Btatff fiiBt-claes carnages, cushionloss second clasKos, and tliiult I 
only fit for cattle and pigs. Some alterations luve, hoirevM, I 
from time to time, been made ill not only the carria^ee intended I 
for the conveyance of pasaecgera, but also in those which ai 
propriated far goods tniffi.c, and come under the vaiions deoond- I 
nations of naggons. tracks, lorriee, horse bnsea, and otlier nsmti I 
confined to local districts. For some years, engineers have be« I 
turning their attention to replacing a large portiou, if not all, tin I 
timber in carriages and waggons by iron, and although the buV 
stitution cannot by any means be regarded as corapleto, yet ■ 
good deal of success has attended their efforts. The fact thai 
eatcioges built principally of iron would be almost incombustiblti 
has no doubt contributed to the favour with wliich the new mi- 
terial has been received. At the same time, there are some ob- 
jections to the universal employment of metallic carriages, eepiv 
cially for those of the first class. Any one who may have w»- 
sons, wliether caused by ill-health, uervouBuess, or general dislike 
to travelling, for making a journtiy by rail in the most comfortallc 
manner pos.iible, can do so by ' going first,' and paying to thf 
extra accommodation. Under these circumstances, the iuvglid 
or the person of nervolis temperament lias a riglit to expect ()>' 
maximum amount of ease and comfort compatible with the eii- 
gencies and requirements of steam locomotion, tt is queation- 
able whether these oonditious could be ensured in carriages bnill 
altogether of iron. Wood appears to be necessary to deaden tltf 
jarring sound and vibration, arising partly from the permanent 
way and partly from the motion of the various parts of the roll- 
ing stock itself. The combined system of part iron and part 
wood is adapted upon lines in France, Prussia, Belgium, wA 
Switzerland, and consists in constructing the l<ingitudi]ial ftKOK 
pieces of iron, and the cross pieces and smaller scantlings of tim- 
ber. The Lyons Company build their express carriages upon 
iron frames carried by ten wheels, which effects the double ob- 
ject of distributiog the weight more evenly and preventing the 
overheating of the jonmals. Upon French lines, the dielanw 
between any pair of axles rarely einyieda 13 ft, but the I'russiaD 
^LiSagiBeera fix their maxinvum dVsWv t\-3 \f. ^\...-i\i\A» ,- 
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gteatcT than that adapted upon any other mdwuy. So fur as the 
catriagB is ooiicerDed, the distance between the asles, or between 
the points of support, ia simply one of strengtli of framing, wiilch 
can. by the employment of iron, be increased to almost any ex- 
tent. But the matter ia otherwise when tbe distribution of 
iLe i7eight i^ taken into consideration, and the chance of acci- 
dents, owing to the heating of the axle boxes. It is not an un- 
common event upon our own lines, where the distance 1>etweeii 
the axles is far from reaching these dimensions, to witness the 
porteN drenching with water the axle boxes of the carriage of a 
mail train during its temptirary stoppage. 

As with passenger carriages, so with those destined for the 
conveyance of goods. Iron frames are rapidly extending in 
number, and iii many instances not merely the &ames but the 
entire body of the lyaggons are of that material In connection 
with the alteration and improvement of goods waggons, there are 
two principal points to bo kept in view. The one is the reduc- 
tion of the Dum1)er of distinct typea or separate examples of con- 
atruetion, and the other that of an uniformity in the weight car- 
ried by them. Both these arrangements are in some measure 
contingent upon the nature of the trafGc to be conveyed, and de- 
pend upon the relative volume and weight of the contents of the 
waggon. Coals, for instance, could not be carried in a cattle 
truck, nor could the same weight of timber be conveyed in a 
waggon which could be closely packed full of bricks. With a 
few exceptions, the various specimens of goods carriages may be 
included under three chief heads, viz., the common truck, which 
hju no sides, but simply a platform; the covered waggon; and 
the coal truck, which has sides about 2 ft. 6 in. in height. 
Whether tbe frames and the body of the truck should be all in 
one, or detachable at pleasure one from the other, is a matter of 
detiul best left to those engaged in l>heir actual construction. No 
aoonet was the problem of setting trains in motion by the agency of 
steam once satisfactorily solved and placed beyond a doubt, than 
a more difficult one, that of arresting their motion, arose in its 
plaoe. It is not too much to assert that, in spite of the innu- 
merable patents taken out, inventions experimented upon, and 
trials undergone, the question of obtaimug a "^rfwLtV'j wAisSaK^ 
tuFf brake action is yet an undecided, ime. "S^viWA'ji'^afc '"? 
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naaon wliy Iho ilifficulty liaa nut been overcome, aud ihe obtUcl« 
euimouiited, ia that too much has been sought for, and too rigor 
oua a fiolution of the probkni attempted. The end aimed at bj 
nearly all those atriving to devLw an efficient brake has been one 
which is ia reality foreign to the whole diameter of that mechw- 
ical appliance. Inventors, as a rule, have striven, with inex- 
haustible patience and assiduity, to design a brake that will stop 
a train olmoat instantaneously, and those who have effected the 
change from rapid motion to a. atate of complete repose in (he 
shortest time, have considered that they have approached nearest 
to the vanquishing of the obstacle. But in fact they weta veiy 
far from attaining the desired result The great object of a brake 
is not to suddenly and totally arrest the progress of the train, bal 
to gradually reduce it to a state of rest. It is not expected to set 
only on rare and special emergencies, but to be of continusl use 
during the whole journey. In a word, it is for general, and not 
upeoial, employment In order to obtain a sudden arrest of 
motion, all the earlier, and most of the recent, descriptiona of 
brake were made to lock the wheels immediately upon thfiir ap- 
plication. Independently of the great ioipactive force suddenly 
brought into play, and the viclisnt torsion thrown upon the axlea 
by this arrangement, it is radically unsound in principle, and doea 
not effect the result desired If the skid^ press so tightly apm 
the wheels aa to lock them, the train is not brought to rest w 
soon as if they only hail bite sufficient to prevent them from to- 
volving. The limit between the rotation and the sliding of tlw 
wheels is the one to t>e attained to, as it is well known thiU ( 
body will slide faster than it will revolve. To determine theo- 
retically the exact velocity at wLich a body will cease to roll and 
commence to slide, is a very nice mathematical problem, but 
practically the limits may lie ascertained experimentally with 
sufficient accuracy fur all working purposes. At the late Expo- 
sition, the impi'ovements in the detaUs of brake gear were mo^ 
conlined to effecting the iniitaiitaneous application of the skids to 
the wheeli. These comprised the use of levers, screws, springt, 
balance weights, and other contrivances, including automatic 
and electrical agency, which have at different times been laid 
before our readers in these columns. Perhaps the best working 
system of brake now"- ;= to W wve\, ^i&v i(n.'Cvw."Sts*!o. \iivdn* 
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Railway, which snrpasaeB that exercised on the Metropolitan line, 
although the latter is no mean rival. 

One of the alterations immediately attendant upon the increase 
of weight and size of rolling stock was the employment of larger 
axles, having diameters of 6 in. and upwards. In several in- 
stances, iron gave place to ateel. The former material is still 
preferred upon French lines, but upon those in Germany oast 
steel is largely made use of Until some experiments are under- 
taken to test the relative behaviour of these two metals under 
a strain of torsion, it is difficult to pronounce upon their sepa- 
rate capabilities for the duty in question. An essential quality 
for an asle to be endowed, with is toughness, which can be im- 
parted to either steel or iron by a particular method of manufac- 
ture. Independently of this, certain irons would be better adapted 
for the purpose than others. The Swedish iron, and that used 
for bolts and rivets, would probably be a good description to 
employ, not merely for axles, hut fur the numerous other de- 
tails which are constructed of that materia!. Notwithstanding 
that a carriage or truck may be built altogether of timber, yet 
there is a eonsiderahle quantity of iron absorbed in the aetnal 
putting of it together. In addition to a vast number of bolts 
and screws, thers are many angle pieces, brackets, rods, and bars 
fixed here and there to brace the whole frame together. Goods 
waggons intended for the conveyance of a heavy description of 
trafBc may be said to be almost plated with iron upon all those 
parts liable to be injured by the loading or unloading of the con- 
tents. Many of these pieces are of a very irregular form, and 
lately the hammer has been replaced by the rolls, in order to 
produce the shape required without having recourse to the opera- 
tion of welding. Cast-iron joint pieces are also used, but their 
brittlenesa renders them open to objection. 

An important detail in connection with all wheeled vehicles 
is the springs, and various have been the modifications intro- 
duced to adapt them to the somewhat anomalous conditions of 
locomotive steam traffic. One of the objections agiinst the ordi- 
nary carriage spring, composed of a number of thin bars super- 
posed one upon the other, is that it cannot be made available in 
a small space, but must have a certain amount of room allotted to 
it. With the view of ohviatiny this difficulty, spiral a^na^i^ 
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Bluvii been proposed and tried, and another descriiition, mnsial- 
ring of COD ically -shaped disca, touching one another at their greal« 
circumference. This is another of the probtema to be satisfac- 
torily solved by tlie mechanical engineer, and in spit« of ito ap- 
parent simplicity, it ia yet beset sritb maxiy dilCcuIties nf botii i 
theoretical and practical nature. The enornions velocitj-, compius. 
utively speaking, that trains run at, renders this subject much inun 
■ eomplicated than one at first would imagine. It has been pro- 
F |)Osed to employ two separate sets of springs, one to break the 
jerk or andden shock of the start, and the other for permanent 
use during the journey. By this arrangement more ease would 
result to the tiuvellers, and less vibration and wear and tear to 
the Tehiclea. Upon the Prussian railway esjiecially, iodw-riibber 
' Bptinga are still made to do duty, but this application may be 
I regarded as exceptional, since the general tendency ia to employ 
' Bteel for both passenger carriages and goods wt^ona. From the 
springe we naturally pass to the wheels, and we find that thoM 
having flexible spokes are giving way to the solid or disc form. 
Some of the wheels on the Prussian lines, made of cast steel, we 
80 excessively bard that no tyres are required. Upon the Frendi 
railways, the system of MM. Petou et Gaudet, by which ths 
wheel is all in one piece, is especially deserving of notice. In 
England there are some excellent examples of the Arbel priod^ 
Belgium has the light disc wheel of La Providena, and Sweden 
gives the preference to a wheel possessing a wooden disc of tifli- 
ber on end, compressed between the tyre and the nave. Th* 
diameters of the wheels of rolling stock range from 3 ft. to 3 fk 

16 in,, the mean of 3 ft. 3 in. giving a very good average dimen- 
■ion. Nearly every description of steel that can be posaihlj 
manufactured has been tried in the tyres of wheels ; Krupp't 
steel, cast, Bessemer, puddled, and other kinds, have all been eU' 
ployed on one line or another. For the wheels of waggons and 
trucks, iron tyres are still largely used, as their strength is suffi- 
cient, and they are less brittle than those of the other material, 
I particularly during the time of frost, which is especially fatal to 
wheel tyres, and which has given rise to many accidents through 
ttieir breaking. 
Passing &om the general types of carriages and trucks to those 
Signed and adapt^ for particular dutifs, one of the first that 
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9 attention of every passenger hy a. mail train is the 
lat^e carriage carrying the royal arms with the well-known V.K. 
on its centre pannel. It is in ttiis carri^e that the mails are 
carried and the letters sorted, and the haga made up during the 
journey for the several provinces lying along the route of the 
train. The great feat, however, performod, is the delivery and 
taking up of the various bags while the train is in progrena. 
This arrangement is peculiar to our service, and in spite of many 
attempts made in France, the result has been a failure, and our 
system makes the deaenpoir of the Continental railway otfieiaU. 
The Prassiana have so far aiirpassad the Frsnoli that they are 
able to take up the despatches, but have not arrived at the capa- 
hility of delivering tbera en passant. At the late Esposition 
there was a remarkable model of n railway carriage exhibited, 
which happily we have never had any need ot, and in all proba- 
bility never will. It was a model of a railway ambulance, for 
the sick and wounded, and, similarly to everything else that poa- 
Beaaea novelty of design and inventive construction, hails from 
the other side of the Atlautie. The necessity (or a vehicle of 
this description arose from the unhappy iateniecine war which 
lately raged in the States. Acconling to the model, the ambu- 
lance was copable of containing thirty beds, a small surgery and 
operating department^ together with a separate division fur the 
medical officers and nurses. Everything that could be required 
for the purpose for which the carriage was intended was provided 
and ready at a moment's notice, and the whole of the fittings were 
so arranged as to aiford the maximum amount of comfort and 
security to the uofortunate occnpiera. While the design of the 
vehicle and the style of its build is deserving of eulogy, we trust 
in the cause of humanity, that it will have but very few imitatMS. 
One of the recently constructed railways which lias a special 
class of carriages is the Mont Ceiiii). These communicate with 
one another by doors in the eniis, and each carriage is furnished 
with a pair of different brakes. One is of the ordinary kind, 
acting upon the wheels, and the other is for emergencies, and is 
brought into play by being attached to a pair of cams, which can 
he caused to grip the central rail when the break is thrown into 
gear. There is also a special arrangement foe preventing the 
train getting off the line when passing round sharp curves. It 
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has frequently been Buggasted that for long night jouineye bj 
rail, emhrnciug upon the average ten or twelve hours, sleeping 
carriages ought to be provided upon our railways. The trath a, 
that our longest journeya are not of a duration sufficient to create 
any real demand fur suoh Gonveniences. At the same time, Iheii 
would be no absolute need tor building special vebiclee for the 
purpose. By a little ingenuity and alteration, any of the otdi- 
nary day carriages could be mode to do the doty of a corufortaWe 
sleeping compartment, and, at auy rate, would allow the weatf 
traveller to assume a recumbent position, instead of compe" 
him to sleep restlessly and uneasily in a sitting posture, 
great length of journeys by rail undertaken, in Canada and the 
States have long since necesettated the adoption of sleeping cars, 
which, in their build, interior arrangements, and general featutea, 
differ essentially from anything connected with our rolling stock" 
68. Tlie Fatal Defects of ItailwaT/e.—Vfe take the following 
article from ' Engineering,' under date May 1st, 1868 : — " Fii»l 
of all, there are the niechanical imperfections of the way. In 
consequence of these the resistances to traction are ranch greattt 
at high than at low speeds, whereas, except from the resietanca 
of the atmosphere, there should be no difference at all. The 
friction upon a railway as true as one of Mr. Whitworth's latbe 
beds would be the same at sixty as at six miles an hour, and it 
should be the steady aim of the railway science of the future t< 
approach this degree of relative perfection. With this, too, th* 
line of traction, instead of being 3 ft. or more above the plans o 
resistance, should be coincident with it. Railways should be at 
made that the body of the carriages should run between insteac 
of above the rails. The latter would then he carried on 
plates rising high on each side, and the draw irons would be 
plane hut little, if at all, above the lino of resistance, and the 
oontinuai oscillation, due to the present system of pulling at B 
height far above that lino, would be avoided, getting off the iiao 
I *ould be impossible, and in the case of breaking a rail, wheel, oB 
le, the danger would be less than at present. 

1 of the worst evils of our present system of locomotive 
iBtrnction and working is that whereby the whole line i 

a strength at lea^t twice greater than is required for 
he load drawn. We have from 2 to 3^ tons on a carrit^e wlieel 
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or a waggon tvheel, and frcm 5 to 7 tons on a locomotive drtv- 
iDg wheeL Just as a bridge must be made to carry the maxi- 
inum load, the whole line must be planned for the heaviest engino 
weight, although tliia weight is carried on bnt two, four or six 
wheels in a train numbering from fifty to one huiidred and fifty 
wheels. When engine weights, on each wheel, are kept down, 
as they should be, to the etnndard weight of carriages per wheel, 
we may have much lighter rails, chairs, sleepers, and ballasting, 
and much less coat of maintenance. This can only be done upon 
the double bogie system, whereby eight, ten, and twelve wheel 
engines may be easily worked with no more than 3 or 4 tons on 
a wheel, and that without undue friction from coupling. 

There is room for a thorough reform of railway construction 
and working. There should be found engineers and managers 
with sufficient perception, courage, and practical talent, to carry 
out such reforms, the principles of which are sufficiently clear to 
ail. Our present timid, halting policy is losing millions yeariy 
to the railway interest of the kingdom, and is perhaps the chief 
cause of the present unfortunate condition of railway invest- 
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69. ' On A'ooa/ Condrudion, vitnned from llie year 1800 fo 
the PrsBeiit Time, and its Probable Future.' By Vice-Admiral 
Sir Edward Belcher, K.C.B., Vice- President of the Institute of 
Naval Architects. 

The title of this paper enables me specially to contrast the 
various styles of build which prevailed previous to our late 
adoption of armour — the full bluff bow and its attendant head 
gear, the cutwater, gripe, keel, and clean entrance — the facility 
which such forma afforded for easy handling, and more peculiarly 
their safety when beset by the dangers attendant on gales or the 
difficulties of a lee shore. On the other hand we have to view 
the results which deviation from the old forms seems to entail 
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nfiw that Ibe lucre chance of raraming appears to have sn] 
the first and most important quaJities detoaQded of a ehip 
What, indeed, are thoae priBiRry qnalitiesi 

Mv own ideas lead me to insiet on theii being made __ 
lively sea-boats, capable primarily, ander spars and canvas 
of holding a good wind and being as trustworthy, anderi 
conditions, on a lee shore ae if they had do machinery 
or it had been disabled. 

That under any clrcnm stances, in light airs or gales, they aht 
obey the helm readily ; indeed, from their boild as well as ti 
be capable of being broaght, by the judicious appliance of 
seaman's art, to trust only to the assistance of the rudder in 
tical coaea, but never to render ite spphcation, &s 1 have of 
years witnessed, a matter of severe labour to the liolmsman, 
even danger to the vessel if crippled. Under the old rSyii 
ships, as regarded their tonnage, carried only a certain araonnt 
furniture, in which I include masts, sails, store, rigging, and balli 
— the latter, as well as munitions of war, being secondary ilei 
changeable, as we all know, if found too heavy. But t^ach 
these items were so placed in accordance with certain secrets 
pure seamansLip, that any deviation caused tlie monstrous difli 
cnce between the ' crack frigate,' or the old seaman's appellatio 
the ' clumbungay,' But it did not depend so much then on ti 
construction. The problem, 'There, sir, is the greatest tub i 
the face of the waters, make her walk and speak,' was given f 
solution. Cut it was furtlier accorded, 'You may trim, ma 
and rig her as you may judge meet' 

On this previous condition the second hang, obedience to 1 
helm. That obedience, as an old yachtsman and tri.mmer 
obi^tinate ships, I found to depend on the trim, in connect 
with the position of the masts and canvas, not only carried I 
treated in a seamanlike manner. And in accordance with 
trim, HO also depended the careen, and, practically, the pn 
power of the rudder. Therefore it was imperative on the ofi 
in command to exercise his reasoning powers as to the rarii 
forces which might be called into action, to make his vessel 
sc perform most of her duties, calculating on the distribution, 
well as nice management, of her canvas, which hur.ily called 
ill tacking especially, the aid of the tiller. 
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I illuatration of tiiia facultj' of trimming it waa my lot to 
e in several Tessels denominated tubs. First, the old Beller- 
, of 74 guns, bearing the flng of Admiral Sir Richard 
in 181 4. The (iirmer character of that ship, participating 
r fifty years in every general actiou, was " a desperate roller," 
Wjialiy, too, rolling away her maats, which she did when at 
Iclior in Oazely Bay. She was also aluggisfa under canvas; 
"^bt knots close hauled, and ten knots free (not bad, however, 
i that period), nor would she obey her helm;' ao much for 
J years' doubtful character. Her new commander waa the 
B Admiral E. Hawker, noted for the kelter as well as handling 
■'that beantiful frigate the Melampiis (still in the Dutch navy), 
^ch astonished, as well as excited, the admiration of our aciite 
s of Anienca His management evolved her latent qtiali- 
He trimmed and sailed the Bellerophon in chase of the 
i American privateers Fox, Amelia, and Mammoth, both on 
ff.tho vrind, from dawn until dark ; with lee guns bowsed 
ind weather guns out, royal studding and sky-sails, going free, 
I realized I1'6 knots. That was due to sheer seamanship. 
btaiD Hawker's creed was, ' Every tub has its capabilities,' and 
9 the duty of the oificer commanding to evolve them, not by 
tining, uvermaating, or over canvas, hut by judicious trimming, 
, above all, never allow the strain on a rudder to 'impede 
HlOtion.' Her Majesty's ships Saniarang, .^tna, and Sulphur, 
Under my own hands, were similar cases. Therefore, I maintain 
tliat we must not be too bard upon the constructor, who simply 
idheres to those well. known lawa which afford the mould out of 
which success may bo attained. 

From the year 1800 it may be assumed that tlie finest models 
of EMling ships, mostly of French lines, were in our poaauasion; 
and, moreover, that for length and breadth, until we broke 
tlirough all the old rules, we never constructed faster or easier 
Vessels. 

But in what did their sea qualities consist! They all centred 

in the profile of stem, gripe, keel, and stercpost If the vessel 

griped, or would not keep out of the wind, she was added to 

abaft, or her gripe or rake of stern waa altered. Alterations of 

^^idder never were successful; thi;n it was that the abilities of 

^^He seaman, bo absurdly undei'i'ated by civilians, were called into 
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I pl»y; and our nnval coiistmctors, ^r excellence in their time 

(Adraiml Hayea and Sir W. Symonds), proved where the es 

I of control Iny, simply by making trim — position of moets, cut 

I of sails, and attention to the aids in steering, aut in unison. 

I But referring to construction, what has been the process from 

the jieriod of coppering our fust ships, boats, or yachts, up to the 

present armoured fleet? First, taking the Dutch, they found 

that where no keel was available a leeboard was demanded; neil 

the Norway yawl; that truly had no stem or atempoat, but they 

bad bilge keels from, amidships aft, which enabled theni to hold 

I wind, and yet more important, serve as sledges on the ice. T> 

of these, from a model eupjilied by Aduiiral BailUe Hamilton, 

then Bflcond secretary to the Admiralty, were supplied to the late 

Arctic expedition in 18S2, and indeed may be deemed the typs 

uf the two sternposts for the twin-screwa of the late talenUd 

inventor, Mr. Roberts. 

Then turning to America we have the Virginia pilot boat, tlie 
beau ideal of their clippers, of which the Mugian is but a vaiiii- 
tion, showing a long overhanging bow, with her forefoot scarpli 
about one-sixth from the stem abroeell, and the scarph of tbe 
sternpost about the same distance from the t-afl'rail. Those forma 
were considered to be the best adapted to meet .the heavieal 
weather off the capes of Virginia, which, for a continuanee, ta 
about the worst experienced in any part of the world. 

Next, when we view the inexpert Chinese, or an controin, 
I those clever seamen, the Malays, we find the rudder in the fimt 
[ lowered far down below the bottom ; or, in the latter, two rod- 
< ders, one oil either quarter, deemed indispensable. 
L On the drawings before you I have endeavoured to exhibit the 
\ various classes of vessels to which I have alluded, and I think 
\ that my naval friends will not fail to remember as regards the 
Bailing vessels iirst improved by America, and followed by us at 
fc.Croenock, Liverpool, and Knally in the Thames, the great superi- 
Kotity as to seaworthiness in the overhanging Handling bow. 
K 1 offer these remarks for the serious consideratioa of th.o«a 
HuBatiuotors who, not beiag seamen, have, I think, too suddenly 
^hmped to the conclaaion that vessels which are expected to per 
Bow well under canvas require no keels; and, further, that tha 
Hcnege is as perfect without that long keel whicli led the fluid 
H * tb to the rudder. 
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> nece.isary to observe that a rudder which deBcenda 

r Hia line of keel for the purpose of obtaining steerage — as 

1 the Chinese — is manifestly endangered bj- any objects — as 

—beneath the surface, as well aa inevitably destroyed, should 

a vessel ground by the stern. 

~ ore the ' iron age,' or Bacriliotng everytliing to steam and 
r plating crept in, our ships could thread the most intricate 
igeroaa chaunela. Our merchant shipping, although con- 
sd of lighter iron, still under canvas perform more thsn any 
man dreamed of; but they have bows as well as sterns tit to 
e their seaworthiness. 

prove that we demand no new ' lines ' for our ironclads, I 
J to offer the following performance of the Cunard steamer 
gotia on a December run from New York, furnished by Sir 
d Cunard, taking passage : — 



December 16, 



quitted New Yptk. 
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The average foe five days exceeds fourteen knots. 
Under certain alterations of hull, light protection to decks, and 
giving this vessel two of the heaviest guns, what vessel in the 
world could approach her ) And if those heavy guns threw 
shells at extreme range, what armoured vessel could withstand 
her fire ) The time may suddenly find us compelled to arm any- 
thing which can carry a respecEable implement of war. Why 
should our navy be without such models, propelled at such speed 
and as active under canvas as the fleetest of our British China 
Jlippers 1 

w Sow the point which I am prepared to maintain is that, look- 
5 to recent alterations in the bows nt ora a\i\.^ <A '^m \"o. tsAsx 
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I to protrude lieiieath wat^r an UDBcieiitific ram, yaa not onl; de- 

I rtroy every clinnee of good behaviimr of tliB veaBel, bat you lite' 

\ nillj, by the immBnee weight at the fore end of thia ploughsbue 

I and theacrev abaft, so balance yourahip that her proper motion uf 

[ 'duiicing' over tbe waves id now a myth. As to the ideatbit 

[ iruu ahipe caonot he made to sail as well ae those of wood did, it 

I U beneath science to reply ; for we have the performaaces in our 

I ocean races between China and Great Britain to prove that irua 

t ibipa can, ay, and will yet exceed, in doing before long. 

I On that paper you have the types of fast veeeels, and, mw- 

I over, of haady easy craft. Now, why wen) the first, the Tirgini*, 

Miigtan, and Norway yawl so constructed with such rake of stem? 

Simply to make one sail perform all that was demanded, and 

•Jmoat to do without a jib or the bowsprit So with our iroD- 

cUds we should consider, if we rei^uiie sea worthiness, activity, and 

handiiiess, if we could not obtain it in a more sensible and scien- 

[ lific mode by transferring the ram point, as the Romans did, io 

I the beak. 

Every officer who has experienced the mode of wrecking it 
Bermuda must recollect that boats equivalent to our launches in 
tonnage run stem on to grounded vessels, and destroy all chance 
of their gettin« oS. I witnessed that attempt, and interfered, 
thus saving thirteen vessels from destruction, getting them saEslj 
I into port ; for wliich, instead of tlianks, I was tijrestened with 
[ lawsuit I And yet, what better type of ram could you aeled i 

I feel perfectly satisfied that when the officers of the United 
['States wake from their drcanis of submarine fighting we shall see 
(the old bow recover its use, as well as beauty (to the eye of the 
in), and that new beak prove the terror of sluggish adver- 
I «arie8 } 

Leaving our old ships, let us now look to tliose building, or 
built, of iron. The central object in the plan before you may be 
supposed to be the WaiTior, and here at once I do not mean to 
' 1 the point, that like the Bellerophon fifty-four years ago, 
) intelligenl captain may yet discover the secret of making 
, pn^erly rigged and trimmed, to perform, under canvas, 
t her type should justify ns at least in hoping for. 
m why should we not make the Warrior a terrific ram above 
We who have worked under water know pretty well 
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^Hr wretched the furca tnust be carapared with the radial puwer 

^Bfiee air. To 017 mind I can but compare it to the ai'tificer 

^^Ki penmiul or sledge, who delivers his blow at the full radius, 

^Hnpared with him who places one hand halt-way up the helve, 

^Hvho would hurl that same mass of iron from hia hand. 

^Hyiot us beat in mind the active weight of the whole line of gun 

^Bbka with all the paraphernalia of warlike stores, and consider 

^Bwt the effect of that compact, well-oounected mass delivered 

^HBi at its own me inertia, plus tliat of the velocity due to speeil 

^Bln that plan I have assumed that we adopt the best known 

^Hm of tool for cutting iron or wood — the mortice or bevel chisel. 

^Bbere the direct line of resistance is demanded, you have a deck 

^Bflome 400 ft. Aa the bevel, supported, too, by your keelson, 

^Hb have the best form of bow for leaping over a sea, us well as 

^H adversary, and yet on the line of flotation, the same length. 

^HNow let us produce the sections of an adversary, and it will 

^Bvell to inquire, as a primary consideration, on what point is 

^HKsumed the submarine ram will prefer to infringe, vertically 

^Robtiquet By fitting the curves which may represent any 

^Httginary build, it will be seen that without any chance of hav- 

^H[ an inte^osed wave or cushion of water, that tliu impact 

^Hald be so given by the mode I propose that the wliole impetus 

HRtnld be directed to turn over an adversary outwards on his 

Haam ends — indeed, cut him down and pass over him. 

^ By the ploughshare mode the blow would be delivered, if it 

did not glance off below ; and, if effective, cause your adversary 

to roll in the opposite direction on, and towards, and over you, 

destroying both. This regards the foremost sections, ffow, when 

we come to deal with those abnut the counter, it will appear, 

without selectinf^ the greatest hollows, that before the hatchet 

nose would touch the bottom lier upper works would impede 

further progress. 

Leaving these new ships, then, to fight their separate actions, 
I now come to their classification, under the terni of the present 
condition of our armoured or plated fleet. 

First, we are at a loss to determine where the rates^ as known 
among the timber ships of 16fiO, commence or terminate. As to 
ships of the line, that would seem to depend on the speed of 
those vessels which could get into pn8\t\oii, a.-cii,"\iBv\i'(j'0(\'i\e. 
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nrranged for aclion as the ai]m!»I comtmuiding in cliief migiit 
determine, for wb may have u captain in a vessel of ininor fore* 
superior in rank to one who commands wliat may be aasnincd 
to be or bold the plaoe of tbe eliip of the line. 

Without referring to the names of ahipa or captaina, the Nan 
List affonla more thmi one cai^e where the captain, of a &ig«te d! 
foi^-thrto gans and over 3,000 tons woald be senior to oi 
in command of an inmclad of over 4,000 tons, cominallT < 
thirty-five guna, aud yet the superior would, cot being an urn 
clad, belong to the line of battle; nevertheleaa, both are classed 
as frigtttea Then we have a corvette of twenty-two guns, 1,467 
tons, commanded by an officer senior to the captain ia command 

L of the Warrior, 6,109 tons. These matters, however, wonM 

I speedily be arranged by the Admiralty in the event of active war 

F operations. 

The important questions to be asked are : Are oar ironclad 
ships as fil to go into action, and as efficient for war purposes in 
every respect, as our old timh«r-built coppered vessels 1 Can 
the; sail and steam aa well t And, filially, is it probable, u 

L aome naval men hold forth, that we are likely to he eclipsed by 

B'ttia ships of France or America I We must hope not. 

My own impression is that w« are f^t losing our pretUge on 

' the critical points of speed, seaworthiness, celerity of evolution — 
iuiteed, excepting for action d I'outrante, we are driven to depend 
more on the resource:^ of raechaiiisiu than on tbe old aeamansbip 
■ud valour of the British navy. 

The quoBtioD is constantly aslced, Why, with the lines of the 
finest and lloeteat ships in the wui^Id, should our iron ships fall 
to prove as lit as any timber built vessel 1 Tbe only reasonahl« 
reply I can find in, that we have sacrificed su much to the mit 
»heli, and sought for so many advantages in one tool, that we have 
&iled to secure aiiy one important g lod quality. Not content with 
a monitor fit for harbour work, and demanding less men, stores, 

B«(>al, &c., we must needs look to make her a clipper ) Or, nut 
l^tiaGed with a certain apeed and imposing size of guns, we 
QLUat needs require a prodding nose, which shall prove the de- 
ftruction of the vessel, or. wanting speed, prevent her coming op 
■ith and dealing with an adversary which it is her duty to en- 
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1 nltnoat omitted to r^fer to the modes of propulaiun, It 
junoas fact that in Great Britain wa seem to scoat native 
L and are prone to seek for notions from some other country 
actually improved on what we have cast away. At 
ing of this century masts and sails gave ua nearly as 
i as steam now affords. Taking intervals of twenty 
years, vre find that aboat tLe year 1330 paddle steamers were 
thoogbt of, and in 1823-24, the Lightning and Meteor were at 
Algiers. 

Twenty years afterwards, after a death stru^le of opposition, 
tlie screw worked its way. In 1843, we may say, it was acknow- 
ledged as a anccesa. Twenty years more, after veiy strong lan- 
guage, assertion, and denial in these rooms, the twin-sorew con- 
quered; and I envy not the feelings of those who so vigorously 
coined their untenable reasons to prove it never could succeed. 
Tme science, however, beat them. B'aets af^nst theories. Later, 
uc find another power forcing its way, but, like the others, de- 
i.i.inding twenty years of resistauce. Kuthven's hydraulic system 
■ i propulsion has, I find, bean before the Admiralty for upwards 
'>f twenty-four years. Detraction, false reasoning, and the system 
of writing down, have all been tried. As a last resource it was 
fitted on board H. M. S. Waterwitcli, bat so overladen with iron 
plating that, viewing her hull alone, she is unfit to withstand 
what we term simply, 'a double-reefed topsail breeze.' As to 
the machinery, that is as independent of the vessel's behaviour 
as any chronometer would be in the captain's cabin. It was 
assomed she might be impelled seven or eight knots, but lo ! she 
attained ten, and as compared with the twin-screw, in a sister 
ship, was equal. 

Is all this creditable to our country) Are inventors to wait 
twenty years! Are our best men to be sickened, insulted, ami 
turned aside as all these men of great talent have been, because 
official minds cannot rise to the level of the thoroughly eilucated 
engineer) How was it that Ericsson was driven to America, all 
his schemes, termed notions, scouted? I happen to know. 
Might not select mendwrs of this Institution, properly supported 
by Government, furnish Conrte of Inqavry which would lend force 
to any inventor presenting himself at Whitehatl) "Wo know too 
well, even here, how roughly some might be tested ; but there 
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''There »re t'JJ' tv,,,- ™li to 

toll it °° *5S„ c.Ual"'" notion. ^ = 

*r „art.*nS ' ^ r boarding. We .^zsi 

*" * „vcr g"* ,,rred to me that wlie-Mr-^ 

'"'iJhW o^tM '■""'«■ -'■ «" ^ 

j^pe*^^** by multiplication c:»^ 

bi»« **^^ion '^^'^'^ ^-^"^ the tv.^^ 

^^^a ^i»^^ aoi-ews are easily foi.lt— J 

l^ ^^ea, *''\ti,ing '^^ ™J'"^ the t»r^^ 

^^Tr^-re^^ ** if t^'* country BhQ\»_^ 

■*"*S.^rt>l^^'"' -ht the UydrauUc ia the. ] 

*t <^l*"*"^^ moved. There is «o 

l^^J^ottl^'^l^ Ciul'^^P"^* 80 aa to p^c* 
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would be tills great advantage, both to tlie inrenioc^^^l 
public, tbal ■ strong opinion expiessod in its Savout b<4^^| 
Hare the twentj years which seems hitherto t<> have la^fl 
AiliniraUy period uf incubation. 9 

Turn we now to the construction of our pre^nb anuomed itim 
of war. T 

Are the new bows and stems introduced for the suppcita 
these ram protuberances below water as well adapted to siutHl 
a ship and keep h«r dry and healthy as our ships of old 1 I 

In former times, since 1831, when the ice was broken, id 
UayM and Symonds were permitted to have their flings wata 
not an iDvariable rule, and the creed now with all ctadc inmjrn 
and yachtsmen, that the extremes were to he most laliiD^fl 
kept free from excessive weights, which, we well i^^^H 
instence withdrawing guns when in chase, or in bad ^^^H 
prevented a ship from easily, nay, or safely, performing hfl^^H 
How, theti, are we to view this monstrous appendage b^w « 
strengthened by such masses of iron in order that it mar nc^ 
Amazon fashion, prove a cause of desttuctionj But mor 
diicing such a gripe that odd cannot feel eorpriaed at these diffi- 
culties of steerage which seen; lately to have increased instead 
of dimioiehed with Lbe increase of science. 

In the Symonds and Hayes types we had lively vessels; more 
important yet, our seamen confidently trusted themselves oi 
shorv, well knoiving how surely they could ' claw off,' j 
viv are getting too much of the upright stmctnre, losing tlu 
balance on one side and increased bearing on" the other. ~ 
referring to this ram before you, the hnes of H. M. & Wat* 
witch. The tbrm under water presents that of the hind-pin, the 
axis being just central betweea the keel and water line ; inula 
hve-knot speed she will raise a wave over that bow of 13 i 
increasing up to ten knots, so as to lift the wat«r over I 
foreCBstla In fact, the faster she goes the more the bow 
becomes immersed, and, consequently, the steering power de- 
stroyed. 

Seamen all know how critical such a condition would be in an; 
timber-built vessel scudding. I ask, if any of this class Bhoald 
be so circumstanced conldshe livel And we most not losadgU 
of the impossibility, under any circumstoncei^ of l^teBinC 
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gele of this cJiaraotfir. No, everything is fixeJ, and ao sudileii 
i be disaster that small chance nf saving life remains, 
lere are two parties concerned ia this ram question. First, 

9 gunnery party. They wish to show theiv dexterity with 
Good. If we lire to credit tlie on diis of the day 
ihe adversary hit by one of these heavy shot or shell wr.uld bave 
other duty to perform than playing antics to find his chance of 
dealing the ram impact ; and, further, you must have two uaptains, 
one to ram, another to gun. Again, to ram involves competent 
speed on one side, and, I suspect, incompetent ability to avoid or 
foil it on the other. And yet, for this very doubtful chance of 
it ever being called into action, we are jeopardising the very 
!'saence of the gallant seaman's aiin, gelling lUimgaide of his aiivei:- 
-■'iry! For rest assured, my landsmen friends, he who plays at 
:\\v. Eigzi^ tactics of ramming lo.'^es distance; nay more, there may 
1 10 those on board who may attribute it to want of courage — 
se&men are queer fellows in such momenta — and when it arrives 
at fight or ram who will take excuses! 

There is yet a more ' serious aspect to my mind We must 
look to our fiiture; we shonlil change martial law, or the martial 
feelings of our ofEcera. We are intent — I cannot say I am — on 
impregnability. Granted that we acquire it. Granted, I suppose, 
it is to he conceded that our opponent is on an equidily. You 
are alongside, eng;^, make no impression. Neither can move 
ahead or astern for fear of this cursed ram. Yon have no power 
of parting laterally, your decks and closed ports cut ofi' the oid 
glory of the tar — boarding. We cannot foi^et the gallant Irby 
in the Amelia. The man who parts from hia adversary is losit, 
bowever gallantly he may have behaved! 

It has occurred to me that when twenty years' further thought 
has ripened the faculties of our Whitehall m^natea, that this 
turbine may, by multiplication of jets, be brought to aid any 
desired motion where even the twin screws would prove useless. 
Besides, the screws are easily fouled or destroyed by spars or nets, 
whereas nothing can injure the hydraulic 

Further, if this country sbould e?er adopt the monitor of 
light draught the hydraulic ia the only rational power by which 
it abonld be moved. There is no complication of machinery; the 
jeta may be mnltiplied bo as to produce any desired, even spinning, 
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motion more rapidly aud steadily than the turret, thus makiog 
the monitor tho earriage of the larfrest possible gun. 

Where fuel is in aufticient quantity, and the vessel once «IH- 
ptoyed for coaet defence, it is indeed contemplated multiplying 
the turbines. Indeed, three could be placed even now 
vessel of the Warrior class. And when we hear of signals from 
Ihe watch tower, 'go ahead, astern, stop,' (fee, how insignificsnt 
all such devices become when the commander, without an order, 
or the knowledge of officers or crew, with his own hand govanw 
every motion without iuterfering, directly or indirectly, with tie 
even and continuous action of the enginea, which are never intn- 
fered witli, consequently are never reversed. 

I have hurriedly thrown togetbei these remarks with the liope 
tliat some of the new lichool will be able to inform us bow it it 
proposed to meet the difficulties which I know thoae of my dnj 
agree with me in thinking are not mere phantoms I have to ihsnk 
you for. 

70. Captain Coicper Coled Turret Ship. — The following ds' 
Bcription of this ship designed by Captain Coles, wo take from 
an illustrated paper in the 'Engineer,' under dute March STtll 
1868; — "Tiie tonnage is about the same as the Bellerophon 
(4,272 tons), but with low freeboard from 3 ft. to 4 a out oftha 
water. Her length between perpendiculars would Ije 320 ft; 
beam, 63 ft. ; two turrets, with guns 12 ft. above the water and 
1 1 ft. horizontally from the sea. Between the turrets a dedt- 
house is built, of the ordinary scantling of an iron ship, extend- 
ing towards the vessel's sides at an angle that allows the 
turrets to cross their tire at 68" on the beam, and command- 
in uninterrupted firo wound bow and stern. This deck- 
■ may be one, two, or thTce atoreya high, according to the 
accommodation required— in the present instance it is two storejt 
high, surmounted by a hurricane deck 22 ft. out of the water. 
In the upper or second storey good accommodation is provided 
for the captain, the dinujg cabin being 24 ft. by 13 fc, with 
suite of cabins in proportion, a commander's caljin, a wardroom, 
and four other cabins for officers, olKce, galley for the officers, 
sick hay, baths, and w.c.'a for toth officers and men. The cabins 
and apartments oa this deck would receive light and air from 
ports 2 ft square and 18 ft out of the water, besides ventilation 
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from the hatchways communicating with the hurricane deck. 
The lower or first storey would have mesa-tables for 300 men 
(her fighting complement), a gailej, midahipmen'a, engintera', aud 
warraiit-ofBcers' bertha, hesidea four cabins for officers. This deck 
would receive air and light by mpana of porta 18 in. equal's, 
1 1 ft. 6 in. out of the water, beside hatchways. All the biitch- 
waya on this deck leailing below would have the means of being 
closed and kept water-tight the same a& in Monitors. Tiie re- 
maining nine cabins for officers would be on the lower deck, 
which corresponds with the Captain's and Eoyal Sovereign'sj 
receiving light from deck-lights, and ventilation by tubes oomran- 
nicating direct with the outer air through the deck-hoii«e ; there 
would also be provision made on thia deck fur messing 300 
extra men should it be required- 

From the central position of the deck-houao, as well as the 
horizontal and vertical distance from the water to the ports and 
openings in it, free ventilation will be insured in all weathers, 
whilst the comfort and accommodation will be second to no ves- 
ael ia her Majesty'H oavy. 

From the form of this vessel above water, and the little re- 
sistance shown to wind or sea, hghter anchors and cables might 
be used tlian usual ; but in this case we will suppose them to 
be the same weight as the ' Captain's,' The cabled would be led 
tlirough fairleads at the edge of the bow along the upper deck, 
and through hawse pipes (8 ft. above the water) into the lower 
storey of deck-house, where they would be worked by two steam 
capstans, on eacli side, as in the Kuyal Sovereign. The bower 
anchors (Martin's) at eea would be stowed upon the deck with- 
out interfering with the firing or depression of the turret guns, 
and the spare anchors against the deck-house. The anchors can 
be worked on the bow or stern with equal facility. She would 
have the usual complement of boats, viz., two 42 ft. launches, two 
32 ft. steam cutters, two 28 ft life-boats, a captain's galley, and 
an officer's gig, which would be hoisted up by davits to the deck- 
house, and BO arranged that at any moment they can be turned 
inboard when firing at sea. 

Opinions will differ npon the question of masts, but after con- 
sidering the report of our ironclad squadron, aa well as other prac- 
tical evidence, from which it appears tb:iioMia\i\'^%^a^ 
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wl if —mi iniiin;iiiiilii sail without the aid 
K rf ■diantage it ^ C«pUui Coles' opinion) 
t ^Mli «Bd nfl^ and in fsTour of fuel being 
wm^bt Ifcas ^ined. Uasta ma; be desinbts 
■g dM laDiBg pnpeDsaties of high freeboard 
lak fe« wnhIb of irnm fre^ond, with their decreased roll- 
• gAMt m^KUK miiwtiwH tlut «« can afford at once la 
s«a]r tto M*^ gam, ukd ng^ng, as antagonists to tbe 
g powcn cf wvr sfaipe, and can at any time 
V ohH mms ftar fere tmd aft sails, Boch u 
A* BiQil flu i uiii^ aid Pdiwe Albart bare, ehoulil it be oon- 
■dmd floHnUa In He atovage <tf tvd weight and space hme 
t* 1h ooaBdiMd. Is thicTtsael ctcit hundred tons would make 
a ililtaiMii of ahent 3 a. dianght of water, tii an annoiired 
Tavd tba aning u vd^ and tbe abeen<« of masts get rid of 
Um gmki< |«it ti the diScntty andet the head of weight ; and 
A* sBlfaor flf dM deaiga finds ihat after giving ample accommO' 
dalioi^ aa befine e^kined, for a ctpw of 300 men, and eitn 
aoeooMiidalion for 300 atm men, making in all 600 men be> 
■dea dM offien^ dte wenU stow upwanis of 1,000 tone of 
coals, and eran bor at dra sacrifice of 3 in. immersion for ever; 
100 tuna. 

The armament wonld eoneist cf two turretd. with 1 3 in. armoar, 
carrying four of the heaviest gnns that can be piocnred, say 600- 
pounders, 13 ft above tbe water, and two pivot guns, if thouglit 
expedient, on tlie hnrricane deck, 23 ft out of the water; the 
latter may be found adTantageoiu for firing down upon a ahip'e 
tieckii, and it is beheved a vigorous fire kept up by rockets and 
breech-loading rifles from the position and height of this buiii- 
cane deck would hare a great effect upon an enemy's upper deck 
and open port& Leaving the pivot guns out of the qneiBti<m, 
the fighting powers of this ship's turrets would remain na fol- 
lows: — 88° of the circle are commanded by two 600-poundeTS, 
throwing a broadside of 1,200 lb., and the remaining 272° by 
fonr 600-pouuder3 throwing 2,400 lb. ; and it will be observed 
that this ship can engage end on with twn 600-pounders, and at 
22° from the line of keel, or only two points on the how with 
Ly^fur 600-pnunders, which would he her strongest point of attack ; 
■ the importance of this is mnvti mcteasKd iiWi iji is considered 
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lliat all ■well-dBaigned ironclads will endeavour to preaent theii- 
bows to the onemy, nl)en this ship would eliow the ckflectiiig 
.-urfaije of a, Hh;trp protected bow, nut more thsn from 3 ft. to 4 
It. out of the water, and a circular turret 9 it high ohove it ; 
whilst in broadside ships of approved model, a bulkhead some 
20 ft. above the water ia placed across the ship to protect their 
guns, which, when fighting end on, presents a large and weak 
target at right angles to the enemy's raking fire, which might 
place their battery horn de combat before n chance of using their 
broadside guns occurred. 

In comparing the defensive powers of Captain Coles' ship with 
the hi){h and weaker sides of broadside ships, and of the Monarch, 
when we say that her sides and turrets would bo protected with 
13 in. of iron, we give hut a small idea of her great superioKty, 
in some respects, over any high freuhoard vessel yet huilt, for hpt 
lownesa of freeboard will give her antagonists hut a sorry chance 
of hitting her, whilst her steadier platform will reduce the chances 
of her being hit below the water-line to the miniraum. Lownesa 
<'f freeboard may be said to facihtate being boarded, but enp- 
poaiag aa enemy to get upon tli& turret-deck, he would hare to 
lalce possession of the deck-house, which, from its position and 
height, as well as being enfiladed by the turrets, would be a mat- 
ter of great difficulty. 

Twin screws and no masts, in combination with the peculiar 
form of tlie vessel above water, showing so little resistance at her 
ends to tlio wind and sea, it is tralieved will assist in insuring 
both epeed and handiness to the fuUest extent, as well as her 
absence of motion as compared with our present ironclads, whose 
great loss of speed at sea may be attributed in a great measure to 
their floundering propensities. Her engines would be of 900- 
horse power, and capable of propelling her at the rate of 1 4 knots. 
The principle of a deck-bouse ea.a be modified to suit vessels of 
all sizes, carrying from one turret upwards. 

A one- turret ship would have the deck-house extending within 
about 10 ft. of the stem, balancing the turret by the other weights 
in the ship. A three-turret ship would have the third turret 
mounted on the hurricane-deck before the funnel, bringing four 
guns right a-head. A four-turret ship would have the second 
and third turrets mounted at each end of the hurricane-deck. 
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■ Iringing foocgnnsriglita-hcad and astern. It might be thougfat 

■ ^visable in Mime insUiices to make the upper turrets of li^taf 
Ei^on than the lower onea, merely covering the guus mounted ib 

■ pain on tiimtables by a light iron turret, protecting their arn 
I from rifles, grape, and canister.'' 

I 71. A Monitor /or Goojtl and Harbour Defence, and on Svi- 

■ marine Artillery. — The following is a paper read before the 'lo- 
I stitute of Naval Architects,' by James A. Longridge, Esq., Asm- 
l«iate: — ''The question of harliour defence is one which, lika 
Fniany other practical queattons, does not admit of a general soln- 

■ tba The circamstances are so vaiyiug that a mode of de&nw 

■ anited to one locality would be totally uneuitable lur another, 

■ and it ia therefore not surprising that front time to time contiu- 

■ Tersies should have arisen between the advocates of the vsrioui 
R aystems, such aa fixed forts, floating batteries, torpedoes, andotber 
K proposed methods. Into this controversy I have no intentiou to 
I -enter, for I am convinced that each system baa ita own merits 
I and its own defects, and that the selection of one or more syt- ' 
F terns, their application and combination, can only be pruperlr de- 
cided on after a careful consideration of the special circumstancu 
under which the application haa to be made. There can, how- 
ever, be no doubt that wrought-iron vrill henceforth play a veij 
important part in defensive structures, whether on land or aEoati 

L and the extensive esperiments which, within the last few jear^ 
I have been made, have afforded -iata from whicli the engineer on 
I pretty accurately determine the nature of the etruotnre requisite 

■ to resist any assumed power of attack. Thus, it ia Icnown that 
I a projectile of proper material will pierce an iron plate when its 
I accumulated work, or one-half its vis viva, is equal to about 1 4 
1; ft. tons multiplied by the square of the thickness of the plate in 
E inches for each inch of the circumference of the projectile. Tlie 
B effects of various kinds of backing has also been ascertained, and, 

■ making use of such data, the en^neer can design with some con- 
■fidence the protection requisite to resist any given attack. 

■ The increasing power of modern artillery has called for increaieu 
I tbiokness in armour plating, and whilst a few years ago a 4j in. 
■plate was justly considered a marvel of ^ill, wehave now arrived 
ftat the manufacture of plates of excellent quality of no less than 
^U in. ill thidinesa. But the ^uwer of g,i:tU,kTY ia still, I beliovc. 
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in its infancy, and I am Batisliei! ttat we are verj' far from bav- 
ing attained ite limit, and that gtins will be produced which will 
piitrce the 15 in. plate aa easily as the gaas of the present day 
the plates of three or four years ago. 

lADd defences Heem to have tfais advantage, that there is no 
limit to the thickness of the iron plating, while with ships the 
enormoas size which would be required to carry plates of such 
thickness must soon hring their construction, according to the 
present type, to a practical limit. But the question is worthy 
of consideration, whether hy a uodilied system of construction we 
may not give a greatly increased power both of attack and resist- 
ance to ships of war. This has been carried out in one direction 
by the American monitor system, and in another by Capt»in 
Coles' turret system of construction. Both of these have been 
so fully discussed that I will not waste the time of this meeting 
by offering any remarks on either, but will at once proceed to 
offer for lionsideration a design which appears to me to possess 
cousiderahle advantage. 

This design is based upon two principles, the first being that 
of oblique surfaces opposed to the shot for defence, the second 
that of submarine artillery for attack. Before proceeding farther 
allow me distinctly to disclaim any credit for the invention of 
these principles. I desire only to lay before the Institution 
wliat I think to he practioil methods of their application ; and, 
liaving done so, leave those methods to the consideration of 
those whoso professional experience renders them always the fit 
.judges of such questions. 

As it has already been remorked, in direct impact a plate will 
lie pierced when half the vis viva of the projectile is equal to 1"4 
foot-tons multiplied by the circumference of the shot and by the 
square of the thickness of the plate, both in inches. But in 
oblique firing, so far as experience yet goes, it confirms the law 
which would be given by showing that, instead of the thickness, 
we must use the thickness divided by the sine of the angle of 
impact, the formula thus becoming 

"29 sill,' * 

It is obvious, therefore, that hy so airaagm^ yua mi; 
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the angle, 3, at vhicb the ehot ftrikea shall be email, a vei; 
daliiig power may be givea to a plate of moderate tbicli- 
rhis is what is attempted in the designs represented in tha 
3 on the wall The first is the design of a monitor im 
defeni;e, of the following dimensions : — Length between 
perpendiculars, 180 ft. j breadth, extrejne, 32 ft. ; depth, monided, 
1 6 ft. ; depth between girders, lift.; draught of water, H ft, ; 
tonnage, bailJcrs' tneasarenierit, 875 ft.; horse-power, nomiDil, 
320 ft. 

II the maximum angle of depression of the antagonist vm 

16°, the projectUe striking at the water line would strike at m 

angle of 60", and the plating at that part being 10 in. thick, tls 

uivaient thickness would be — 

■ ■ '" = about ]li in. 
sin. '60 ' 

But, in point of fact, such a vessel should never b 

such a fire. Being proviiled with twin-screws or with hydrant 

propellers for steering, the vessel would always be kept head on 

to her opponent, so that the fire would be received nearly in the 

line of keel This being so, it will be seen that with an angle 

of 1S°, the angle of impact would not exceed 36° at the water 

line, so that the equivalent thickneaa of the plate would be — 



This is a thickness which no gun that is likely to he carried aSoat, 
and which could be depressed to 16°, could pierce, and therefore 
the object of the monitor would be to go straight into close quar- 
ters — in &ct, not to fire a gun till her bow was in contact with 
the hull of the enemy. At the moment of contact she would 
fire her bow gun, which would place a 9-in. shell into her oppo- | 
nent at a depth of 10 ft. below the water line, and, consequently, i 
beneath her armour-plating. Having done this she would, 1^ ' 
means of her twin-acrewe or hydraulic propellers, pivot round and 
fire her broadside guns also at the same depth below the water 
She might then drop astern, and, ranging up on the other 
side of her opponent, deliver the other broadside, which would 
probabiy be quite sufficient to decide the contest 

Then can, 1 think, be no ^oofet, a& to the teeult of auch a 
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Bict if the monitor can get aloogaiile. The qaestion, then, is, 

m she do bo with impunity to herself I What ia to prevent her 1 

Kthe Arat place she vt impenetrable to the fire of her adversary. 

1 she has far Enperior steering powers, and could at all times 

id in position. Then, again, she would have great 

, because, not being a aea-going vessel, she could carry fuel 

lugh to supply enormously powerful engines for the short time 

rould require to be under steam. 

lit may be aaid that the attacking vessel would ram the raoni- 

No doubt she would if she could catch her, but it seems to 

i quit* impossible that a large vessel with far inferior manoeuvr- 

• powers could do so. Besides, the enemy woald not have 

i but three or four of such small opponents to deal with, and 

me impossible that she coiild escape. Her only 

fety would be in ninning away, if she had superior speed, and 

e ia eractly what is required in harbour defence. 

Bin the drawings accompanying this paper (not here given) a 

^t upper deck and deck houses are shown, as also an inclined 

:n the object was simply harbour defence, as, for 

tance, at ^pithead or for the Thameij, I would abandon these, 

and the funnel might also be abolished in favour of horiiion- 

tal apertures voiding the products of combustion at the stern 

under the quarters, the draught and ventilation being provided 

for by fans. 

Diagram No. 2 represents the same system as appUed to a 

sea-going vessel, carrying besides five submarine guns, two turrets, 

and deck accommodation for the crew. This vessel would have 

the following dimensions: — Length between the perpendiculars, 

"jj40 ft. ; extreme breadth, 40 ft. ; depth, 30 ft. ; diUo between 

"' "rdera, 22 it. 6 in. ; draught of water, 23 ft. ; tonnage, baildera" 

rement, 1,838 tons; horse-power, nominal, 700. The con- 

mction of the guns and the system of working may be thus 

Boribed; — Diagram No. 6 represents a sectional elevation of the 

1 and its application to the stern of a vessel. The gun has 

h trunnions, properly so called, but is mounted on tour wheels, 

. a railway laid in the line of keel for the bow guu, 

I at right angles for the broadside guns. There are proper 

Bipressors for regulating the recoiL The muzzle of the gnn 

nes throagh a valve-chest fixed to the BteTn oi a\4ft oE tW i«ar 
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•eL This chest contains & slLde-valvo, the rod of which pu»* 
through a stuffing-box. The outaida or valve-chest carriea t 
ciwulur &ce, which ia foced truly to fit the surfaces of the disc, 
a cup, which is fixed to the gun. Thus, when the gun is ma 
out, there is a circular air^bamher between the aii'-chest and the 
disc, A pipe, fitted with a Btop-cock or valve, communicaM 
between the space and another chamber in which a vacuum it 
kept up by the engines of the vessel or a small donkey engine. 

A^ soon as the gun is run aut, and the surfaces of the disc 
and the valve-chest are in contact, the valve is open, and a par 
tial vacuum formed, and ako in the chase of the gun which com- 
muDicates with tlie space by holes. The gun ia thus held firmly 
to its place without any lashings. Instead, however, of this 
apparatus a breech-strap with breaking bolts might be applied 
As soon as the gun is loaded, a disc of thin wruught-iron, with 
an india-rubber ring, is placed in a recess in the muzzle. X!ie 
gun ia then run out, the valve having been raised and the coch 
or valve opened, and u vacuum established in the inside of the 
gun and the space, whereby tha gun is held fast with a force pro- 
portional to the extent of the vacuum and the area of the disc. 

Immediately hefora firing the valve ia shut, hut as soon as the 
gun is fired, the gases which pass by tha windage enter the 
space and destroy the vacuum, and the gun is free to recoil, 
which it does. As soon as the muzzle passes, the valve drops and 
prevents any water entering the vessel The gun is then re- 
loaded and run out ready for firing as befora" 

72. On the Turrtt and Tripod System. — The following paper 
was read before the same Institute by Admiral Halsted: — "Ad- 
miral Halsted began this paper, for which we can only find 
room for a somewhat lengthy abstract, by saying that a brief 
summary of his system of combined turret and broadside arma- 
ment would be brought moat readily before the Institute by poa- 
Mgea read from the explanatory test-book, which guided the cause 
for his own seven weeks' examination by the late French Impe- 
rial Commission at Paris. 

From the preface ho read one or two passages, and went on to 
say that SO soon as his undertaking grew into definite form it be- 
came imperative to select some defined system of rifled artillery 

which to found its furlWi ^to^nm. T^ ^Avvrda ^aust have 
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Bome defined conditions in size, thickness, weight, by which to 
fix the conditions for the several ships to carry them. These condi- 
tions for the turrets must be ruled by the guns to light in thetu. 
The guns t« fight in tbem must necessarily be those best able, 
with eflect and security, to fire the most destructive armour-plate 
projectiles producihle or produced. The confidence thus Felt was 
founded on several reasons shortly stated, but it has now been 
fully realised by the recent proof of the two first 9 in. Whitwortb 
gnns of oompresaed steel, on which this combined system is based. 
After firing their 'proof charge of 45 lb. behind two shots <if 
320 lb. each, the bores when measured by the micrometer in 
eighteen places were found to have taken an increase or ' set ' 
amounting in the sum ti> ij^'oTiin. 

These necessities gradually revolved themselves into these four 
propositions, which, it is submitted, must equally apply to any 
'tthet attempt practically to solve, od a reasonable system, the still 
pending controversy between armour ships and guns; — 

1. As in all past battles between ships of wood, so in future 
fights betweeu ironclads, the respective hostile projectiles must 
decide, erntmn paribus, the issue of victory or defeat 

2. The armour-plate projectiles of the future will decide this 
issue, according to their relative excellence in material, proportions, 
form, range, accuracy, penetration, and explosive force. 

3. These requisite conditions of excellence for the projectiles 
must rule the conditions for the gun which fires them. 

4. These requisite conditions for the guns must rule the mode 
of turret and turret ship best able to carry and to fight them. 

To work out these propositions required the choice not only of 
some defined and progressive system of rifled artillery, but pointed 
to some actual projectile within that system on which, aa on a 
' unit of force,' the whole undertaking might with steady con- 
fidence be carried on. And in England that confidence could 
alone find reasonable foundation in Mr. Whitworth'a polygonal 
system. In his 16-ton Sin. rifle, then perfecting, and in the 
most destructive projectile to fire from it which has as yet been 
devised, viz., a 350 lb, 9 in. shell uf compressed steel, with a 
bursting charge of 201b., which thus became the adopted ' unit 
of force" for fixing all further working conditions up to the ships 
themselves. 
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a ironclad or other dtiip firing only solid shot cui 
i equal fire of destructive shells. 
Calibre for calibre, Whitworth ' unfused ' ateel sheila at 
the moat destractive yet produoed. 

3 When these sheila of only T in. calibre were fired from 800 
yards at the Warrior target in November, 1862, tlie standard of 
' work done for power employed ' exceeded that of all performanwi 
before or since. 

4. All Whitworth projectiles have a range, accuracy, penelrs- 
lion, and Hat trajectory at present unequalled. They alone In- 
clude riiled spheres, or can give penetmtion under water. Thy 
are simple in form, material, and manufacture, 

5. All essential principles for projectiles and guns have been 
established by testa of bU gradations, throaghout all calibres, &am 
the -461 in. bullet of theHythe target of April, 1857, to 350 III 
9 in. shell of ' compressed steel," with its hurating chaige of SO li), 
of powder, which is the adapted ' unit of force ' for this syatem. 

6. Because no other artillery could or can be found to give 
equal proof of having attained conditions of ' permanence ' b> 
justify adoption for a coraprBhensive turret system. 

The mode of armament proposed by Admiral Halsted, is seven 
turrets, or cupolaa, with two guns each, so arranged that, 1, 6f 
lire of four guns can be delivered in the line of keel 'ahead' vxl 
'aatem;' 2, the central turrets, and very largely the deck itealf 
are protected from all raking fire; 3, the deck can he swept fiae- 
and-aft to prevent poasibility of boarding, aa shown in aumniaij 
of the command of turrets: — 



Ko,ort«™t 


D^ 


Pointa. 


No.otto™>t. 


DogL 


P^ 


1 


816 


28 


1 


S 


1 








3 


24 








214 




21 


» 






2M 




24 


a 








5 


21 


s 






B5i 


6 


24 


H 


7 


315 




7 


& 


i 


With both) 






















290" SI' 


351 


an additional ^ 


18° 35' 


a 1 








tniind of J 







THE TURRET AND TBIPOD SYSTEM. 

1. The whole fourteen guns can ooncflntrate on points in direct 
line on either beam, 100 ft. distant from the guns of the central 
turret So. i ; and can train from tlience against ships or batter- 
ies, throughout an arc of 50° afore and ahajft. 

2. The four guns of 1, 2, and of 7, 6, can simultaneously con- 
centrate oa points, in direct line of keel, forward and aft, 100 ft. 
distant from stem and stem. If engaged only forward, or only 
aft, this fourfold line-of-keel fire can be supplemented ; if forward, 
by the alternate aingla guna of 6, 7; and, if aft, hy those of 1, 
2; all four of which command a line of fire of 87°, or only 3° 
from line of keel, forward and aft, on either aide respectively. 
Whether chasing or chased, a lire of six guns out of fourteen, prac- 
tically in line of keel, can thui? he maintained 

3. To illustrate the bow and quarter fire : — If a radina of 300 ft. 
be struck from the centre of the centre cupola, it will describe 
two arcs practically equidistant from both bows and both quarters. 
And if an angle of 17°, or 1^ point, be measured from the same 
centre and extended on each side of the keel forward and aft, it 
will fix two points in each arc, 1 00 ft distant, practically, from 
the nearest part of each how and each quarter of the ship. 
\Vhile the four guns of 1, 2 are still engnged in line of keel 
i'orworil, six other guns can concentrate on the above point on 
the port bow, viz., the two guns each from 3, C, and the single 
port guns from 4, 5, respectively. So, at the same time, the four 
remainiug guna can concentrate on the other hke point on the 
gtarboard how, viz., the two guns of 7, and the single starboaril 
guna of 4, 5 ; which two turrets can thus ply their single guna 
alternately on each of the above bow points. Bnt it is further 
obvions, on reference to the plate, that turret 1 can concentrate, 
or alternate, the fire of both its guns, as reqidrsd, against either 
the starboard or port bow point, while turret 2 equally commands 
the starboard point; and the defence of the ship, in single or in 
general action, can thus be maintained with her whole fourteen 
guns — IS witk an ead-on broadside — throughout an arc of three 
points, or only 17° divergent on each side of her line of keel for- 
ward, And similarly complete and symmetrical is her means of 
defence aft. Both guns of turret 1, with the starboard single ones 
of 3, 4, can concentrate a fourfold fire on the point on the port 
quarter; while a sixfold tire pours on the point on the starboard 
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r from the two guns eacli ci£ 2, &, backed by the cdngJe 

•i gans of 3, 4, the whole four guna of 7, 6, being stilt en- 

" needs he, in line of keel aft, or both of those of 7 firing 

either upon the port or starhoard quarter point, and both thtM 

of 6 pouring their fire upon the port point. 

4. The power of concentration is as simple as it is perfeut. It 
exists from the moment the turrets ant ' clear for action,' without 
mplicated preparation or combination between them, and 
is earned out by simple direction for all or any turrets to direct 
their fire on any specified point of an enemy's hull within their 
command of traiuing. 

This illustration of the destructive and defeuaive power fbi 
future ships of the line — and proportionately for all other claases, 
of which Captain CoW turret system admits: — 1, Abeam, and 
for 60° on each side of it; 3, in line of keel direct; 3, in bow 
and quarter action — is obviously unapproachable by any pro- 
jected mode of broadside armament, eveji if broadsides could 
carry 15-ton gnus, or laiger, or light them if carried. In the 
aiugle exampler deck-plan here presented, it far exceeds any 
power ever yet contemplated since guna were first carried at sea, 
But it would be indeed difficult, if not impossible, to find any 
past standard by which to measure the naval force of any nation 
first possessed nf a fleet of such ships; and such difficulty u 
much enhanced by tliese further specialities: 1. Whether in 
single or general action all guns are effective, practically, on all 
points, without any shifting, 2. Their force, separate or cou- 
oentrate, requires no evolution to elicit. 3. It exista at anchor, 
or even if ashom, or iu dock, as completely as when at sea; and 
I when at sea either with or without any change of the ship's 

I Admiral Halsted then read letters speaking in terms of praise 
I of the design front Captain Coles, and Messra Napier, Watts, 
t and Oliver Lang, 

K The ratio of length to breadth (CJ times) is adopted from thai 
Kjof the Warrior and sisters. It is less than that of the Minotaur 
Mud sisterif, which is 6^ times; but in the Ocean Despatch, and 
|pnt-class corvettes, designed for ' protection of commerce,' it ia 
Hd{ afid 7 times. These dimenaione are adopted from the invari- 
^hble experience of more than twenty years, as being essential for 
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n of speed with a miiiiniura of power. Theao co-requi- 
aites for economy are not the lees important in ships of war tiita 
of commerce. But they are additionally important in the fonnn, 
oa the sole basia for all steady CD-operative action, an eisentiald 
niival force so entirely provided against in our present so- 
fleet. The eame object of eflective co-operation has ruled ths 
proviainn of foe), which, hy its present stint, so paralyses the bo- 
vices of our few beat aliipa. The words of a well-known brothet 
officer, in a recent pamphlet to the late ' Fir^t Lord,' are » 
and true to this point, that they will, I am sure, bo welcomed 
Captain Hoaeason aaja ;— 

' I wish to impress this simple phyaioal law— that the apeei! 
of a steamer can be as effectually increased by the removal di 
omission of any obstruction opposed to her easy passage tbroagh 
the water, as Tiy increasing the mean power of the engines, and 
Chat the increased velocity due to superior speeil form is an ni 
mixed and lasting good, whilst speed obtained fay a greater de- 
velopment of power forced upon us by inferior speed lines of con- 
struction is a lasting evil, which does not end with the first CMt 
of the engine!!, but is an incubus pressing on us throughout the 
hfe of the ship.' 

The elements of stability have been determined th rough ont by 
those of the Achilles, confessedly our highest modern standard in 
this war-engine quality hitherto produced in England. 

The equipments of all rates have been distributed, as 6r « 
practicable, on the well-proved principle that ' all weights ahonW 
be waterbome severally aa well as collectively.' Hence, it i« lit 
lieved, has arisen the superior ease at sea of the Achilles, as nO< 
armoured from end to end, when compared with her still cenbil- 
weighted and leas easy aistera Warrior and Black Prince. HeUH 
also the superior ease at sea which the Minotaur, armoured bon 
end to end, will doubtless exhibit. 

Enough has now been ^aid to show that the requirements anc 

equipments Used on have determined the size of the ships n 

laiy to fulfil and carry them, with all sea-going conditionB — it- 

I the ships have, as it were, fixed their own size, and the re 

'la thus fixed on have been of the fullest, purposely to illna 

6 the capacity of the turret system to meet every reasonabl 

But its elasticity is also thereby made evident ; 
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without breach of systematic principle, any class or rate, as here 
ruled by its number of turrets, may include any number of indi- 
vidual ahipa, modified in tbeir requirements, anil, therefore, size, 
HO as to 8uit all local or limited aervicea. Thus the particular 
conditions actually embodied are not attempted to be dogmatically 
imposed. They fulfil the office of presenting a connected series 
of defined forms, with defined equipments alone wortliy the name 
of a naval system. But it is believed that Captain Coles' com- 
bined turret and tripod can, as a aystflm, yield every description 
of ship for every description of ironclad service. 

Even with these fall equipments throughout, this quality has 
been restricted to that of similar classes hitherto built. 



The following main details are thus stated; — 
The construction of the hull is on the same principle of com- 
bined longituilinal and transverse frames as in the Achilles, Agin- 
coart, &c., and other British ironclads of war; with an inner and 
uutor akin plating, as introduced by Mr. Scott Russell in the 
(J rest Eastern steamship, 

The extreme ends are made cellular and water-tight, with the 
same preparation for 'ramming' as in the above-named ships. 
The whole of the immediate space between the inner and outer 
><kin platings is subdivided into sectional watertight compartments, 
arranged to be used aa water ballast to compensate, when neceS' 
sary, for consumption of fuel, &c, and for maintaining the ship 
at her proper trim. 

Throughout all classes and rates, as the guns are the same, ao 
the armour and backing are of one character and thickness. The 
outer armour is C in. thick; next, teak 1 1 in. thick; next, 9 in. 
depth of Mr. John Hughes' hollow metal backing of } in. iron ; 
the bars in contact, running longitudinally from end to end of the 
ship, and securely riveted to the ^ in. skin, as well aa to the 
frames, thus combining with, and giving great strength and rigid- 
ity to, the whole structure, Aa in other ironclads, the armour 
and teak backing taper towards the ends, but not the Hughes' 
hacking. The weight per square foot of the combined resisting 
media is, maximum 533 lb., minimum 444 lb., mean 438J lb. 
The resistance of the metal backing iB eal\mQ.^«i a&«^A'tA^'>&. 
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plating, making the hull armour equivalent to that of 
plates, 

Ab regards the Epar deck it is acknowledged, in sincere obliga- 
tion, that this moat important feature in aid of the whole uade^ 
taking is adopted from the rudimental spat decka, connecting 
turret with turret, in American monitors. In the present appliia- 
tion of the spar dock as a war arrangement, the leading idea hu 
been this, the upper deck proper heing regarded aa if it were the 
main deck of an ordinary frigate. In such case the beams of the 
over-head deck would receive end support from the walls or ud«B 
of the ship, as pierced with ports with broadside fire. But these 
beams would receive central supports also, from two rO' 
Btauehious, not fixed, but hinged, and removable as reqnired. 
Now the support of these spar decks represents, as it were, those 
two rows of central moveable stanchions converted into a syfitei 
of fixed central support ; the main deck dides or walls of the ship 
being then altogether removed, so as to give free scope to a central, 
rotary, all-round turret fire, substituted for that of the broai 
But the strength of that system of trussed diagonal support for the 
spar deck enables it to fulfil also every office of a complete work- 
ing upper deck, for boats, capstans, rigging, working ship, &e., &e., 
whether the turret guns beneath it he silent or in action. And 
in all bad weather, and specially when steaming head to wind and 
sea, it thus constitutes a practical freeboard of ample height to 
secure all comfort and safety. The spar deck is constructed as 
girder, Its lower convex skin is of ^g in. steel plates laid pe^ 
fectly smooth; its upper convex ia of | in. iron, covered with 3 
ia teak. Its edge is stiffened and strengthened by a contiguous 
bos girder of ^ in, plates, 4 ft deep and 2 ft, wide, cooetitutiug 
the hammock netting. Its diagonal truss support is a patent bjr 
E. Napier, Esq. 

The sail equipment haa been studied with the special view to 
restore England's navy to its former distinctive character ae 
sailor service. 

To that distinctive character England owes, par fjxellerux, bet 
naval eminence ; and the education and habits to form that cha- 
Huster are acquired — not in the stoke-hole, hut on the topsail-yardt 

I Hence the sail system is here considered as primary to the 

t rteua system. 



ml OS THE TUtSET ASV TMOOD SVSCKIL 

The Proportion o/SjU Povtr. — ^Tbe Englkb liabon aqm 
f competitive SO-gon sailing frigitea, 1S30-53, has funuahedfl 
atandonl of ' proportion ' tmder aa impnssioii that, u ■ wbole^ 
Hi&t aqnodron presented the most complete sail applicatjcai of purs 
aailing daya The pioportioa is iMsed on the aieas of load mid- 
ahip-sectiona, not displacements, and tlie mean result from the 
aeveral ships gires 37 square fi of plain sail to every square foot 
iif mid-eectioo. When adopting three equal masts with eqoal 
sets of yards for the equipment of each ship of this system, it be- 
i-ame requisite, towards completing the intended fnll sail power 
up to 40 ft. per foot of section, that the fore and m^ conrses 
should be repeated as a mizen conise, and the spanker be repeated 
as a gaff foresail and gaff mainsaU, These sails, however, as being 
exceptional in the above squsdroD, are placed separately in the 
bail table as 'flupplementaL' But where masts are ao widely 
separated, these important sails are considered essential to fall 
equipment, and the one screw ship of the above squadron, which 
waa furnished with similar gaff sails, found them most serviceable, 
not only ae ' steam sails,' but on almost every point of sailing. 

The forty square feet of combined sail is considered not to be 
excessive for elkips bo far mora powerful under canvas than any 
former frigates. 

Admiral Halsted then explained at great length the system 
of sail adopted and the mode af working the ship going head 
to wind. 

As regarded steam equipment, the author stated that this haa 
\\aen left all but entirely to the decision of the selected builders 
and engineeis, but with these primary conditions : — The indi- 
cated horse-power for the maximum load speed of fourteen knots 
before the ' measured mile ' to be at least six times the nominal 
Every recent improvement for the economy of fuel to be applied. 
The fuel supply to be one ton per nominal horae-power through- 
out, but greater in the ocean despatch. After much considera- 
tion the superior advantages of two separate sets of boilers and 
itoke-holes decided that arrangement. The drawings of engines, 
boilers, &&, havo been put in by the engineers, subject, of course, 

tto further reconsideration. lifting screws, with a simple perma- 
bpt lifting apparatus, to be always ready, were made essential, 
jleing considered a folly to provide foi full sail -jo-rw -vvvVMca 



■team power ready to nullify it Our first full-powered aaa 
fiigste lost two koota out of speeds above six knots when keep- 
ing bttecrevi down and fixed for experiment; and a aix-tnot 
•peed will not always turn a revolving screw. 

The mode of tunet was ruled by the decision to deliver its 
fin from over the upper deck at such height above water as tu 
ita efficiency, practically, in all weathers, and to con- 
id the low dedu of * monitors' with a plunging fira This »■ 
novol of the chief battery of the ahip from the main deck to 
tbb upper deck Gurrendered th« main deck to accommodation, { 
except the amount required fur the broadside rifles. This sap- 
plementary broadside armament is deemed essential to the effi- i 
dency of ocean turret ships, the turrets and turret guns of which 
must be regarded as fixtures. For general purposes of war these i 
smaller n&es must thus be requisite; — 1st, for combined opew- 
tioBS on land ; 2d, for the important use in action of directing i 
powerful fire of case-shot and shrapnel from true guna of pie- 
dsion into the porta of an enemy, turret, or broadside. "Ha 
guns to be abandoned whenever greatly overmatched, and re- 
manned when the fire on them slackens ; 3d, for defence agaiiut 
attack by boats; 4th, for doily discipline aud exercise at 'qou- 
lers,' with or without shot practice; 5th, for all eignala and 
salutes. 

The mode of turret was further studied to give full develop- 
ment to this main deck accommodation by free access and ven- 
tilatiou throughout all decks. The lower portion, or 'turret 
bed,' was constituted as a fixed circular main-deck batchvay. 
having coamings 4 ft. 6 in. high as securely armoured as the tar- 
r«t itself On the top surface of the walls of this fixed ' turnt 
bed ' the turret itself rotates on coned rollers embedded in a cir 
cular box girder embodied into the floor of the turret, the ar 
moured sides of which drop below the top of the wall of ' turret 
bed,' and thus protect the roller and roller path. 

The diameter of the turret also extends beyond that of the 
turret bed on which it works, bo as to leave between the two 
an annular open space S ft. 6 in. in width. The floor of the 
turret being laid in grating work, removable whenever required, 
this annular space, 2 ft 6 in. wide, and of 17 ft. Tniniiniim 
■diameter, provides at all times an am^lii central ventilation 



1 deck acciimraodation additionftl to its porta, be* 
, free access by laddej' ways, whether fi)r manning the 
itamt itself or to comiuunictLte with the upper and spar and 
lower decks, even if all other hatehwaya leading to those decks 
were closed. 

In like manner, the same central ventilation, additional to 
Gcuttlee and free access with all other decks, is provided foe 
the lower deck hy means of the fised turret bed of 13 ft. in- 
terior diameter, the armoured aides of which give protec- 
tion to the transit from below of all munitions required in the 
turret, as well as to the vertical eteel shaft turning the turret 
itself, and which i* worked hy mechanical or manual power ap- 
plied on the free space of the lower -deck under protection of the 

Even when in action, a small ceutral hanging ladder revolving 
with the turret communicates direct through each turret from the 
spar deck above to all parts below, providing armoured access by 
messenger for all orders to turrets, toain-deck battery, lower deck, 
engine-room, stoke hcJes, and magazines. 

The armour of tiureia consists of an inner skin of 1 in. iron ; 
then Hughes' metal backing of }-in. iron, riveted around the 
skin in rings in contact with each other and 7 in. deep ; then 
vertical or diagonal teak, 8 in.; then 8 in. armour plates, forged 
in complete rings 2 ft. 6 in. wide, shrunk over all; no vertical 
joints. The walls are thus 2 fL thick; inner diameter, 21 ft. ; 
outer, 25 ft. The combined resistance of turrets and turret 
bede is calculated as equal to 11 in, plates, exclusive of the 1 iiL 
skin and 8 in. of teak The armour of turret bed is an inner 
skin 2 in.; then Hughes' backing, vertical, in contact, 10 
in. deep; then 8 in. armour plates forged in complete rings aB 

The turret is a patent by R. Napier, Esq., and as no series 
of drawings could have made it clearly comprehenaihle in 
all points, it was therefore decided to model it with every care 
for full explanation, which the author will be happy to afford to 
sU its visitors at the Kensington museum. 

The muzzle pivoting gun cai-ri^es of Captain Heatborn, RA,, 
are adopted for turret and broadside Brmaments throughout 
They have, according to Admiral Halsted, great conatructive 



merit — Ul, in the simplicity and amftll number of parts, 
2d, in their capability for any reqnired strength ; 3d, in 
their adaptability to all guns for all services except boota, 
in which they would be needless; 4th, in providing a miiii- 
nram of port with a maximum of training command, veitical 
and horizontaL The parts, though simple and few, aa tvell an 
their action, are the product of practical mathematical applies- 
tioii. The muzzle pivoting appliance can be worked by aoj mfr 
chanical powtT. 

The paper concluded with some remarks on boat systems and 
tsoaat warfare, and the steerage of screw ships." 

For the discussion which fallowed on the reading of the last 
two papers see the 'Engineer' of May 8th, 1868. 

73, floating Dry Dock for the Seinde Railviay Oompaxy. — 
"In our large cut," says the 'Engineer' of date EebruBi; Tth, 
1868, "we illustrate a floating dry dock, built from the designs 
of Mr. G. P. Bidder, by the Victoria Graving Docka Company, 
for the Seinde Eailway Company, which is to form part of their 
Flotilla ia the river Indus, where it will be mooted on arrival 
in India. 

The duck consists of a wrought iron open top pontoon, having 
double sides carried up 8 ft. 6 in. above the top of the interior 
framing or floor on which the vessel to he repaired will iwt 
This, therefore, forma a hollow wall or bulwark ronnd the ship, 
which floats within it when the floor ia submei^ed, as is requisite 
for the reception of the craft. One end is made of a like form 
to the bows of a ship so as to meet the stream, and the other end 
is square the full breadth of the pontoon. It is secured above 
the level of the framing by a hinged caisson or gate, 
hollow bulwarks forming the sides of the dock are divided into 
twelve water-tight compartments, by close diaphragms at oerlun 
intervals. The floor, which is divided into ten compartment^ 
consists of thirty-four wrought iron truuaverse girders, placed on 
the bottom skin of the dock, the top flange being used as a bed 
for the wood blocking on which the vessel is to rest. Them 
girders are stifiened by three longitudinal girders of the 
depth, carried the entire length of the dock. Yatves, ten in 
number, each having s circular aperture I ft. S in. In diameter, 
s attached inside the wrought iron bottoms, for the purpose of 



admitting water when the dock is to be lowered for the reception 
J a vessel An enlarged view of one valve is shown in crnr 
raving. Two wel! executed 12-horse power engines, nmnu- 
Bured by the Messrs. Jones, at the Victoria Graving Dock 
orks, are to be erected aa shown in oar large iKuatration for 
king the pumps, Gwynu's patent, by which the water is 
q«oted from the dock when the vessel is in position, and is thus 
tendered dry for the shipwrighta to work, the caisson, gates, and 
the valves having been previously closed. The dimensions of 
Hie dock are as follows: — Extreme length of dock from bow to 
I, 294 It 6 in.; extreme length over all, 303 fL ; extreme 
leogth available for vessels, 208' ft,; extreme breadth over all, 
70 ft. 2 in. ; extreme breadth available for vessels, 62 ft. ; distance 
between centrea of aides, 3 ft. C in. ; extreme height of sides of 
dock, 12 ft. 6 in ; height of floor girders, 4 ft.; draught uf dock 
for docking a vesael 3 ft., 9 ft. 6 in. ; heiglit of top of sidea above 
water line at 3 ft. draught, 3 ft, ; height of top of aides of plat- 
form, 3 ft. 1 in. ; breadth of platform around sides, i ft. ; breadth 
of platform for engine hoaaea, &c, 12 ft. ; length of platform for 
engine houses, Sic. {each side) 48 ft. ; height of caisson gate, 8 ft. 
8 in. ; breadth at top, 2 ft. ; breadth at bottom, 6^ in. The 
enginea are of the ordinary deacription. The pumps are driven 
direct from the fly wheels, and each pump is capable of hfting 
six thousand gallons per minute. One engine is provided with 
an extra pulley for driving the workshop machinery as well as 
the pump. The sheds on the other side are for ollices, stores, 
&c The following are the principal dimensions ; — Diameter of 
cylinder, 12 in.; stroke, 20 in.; pressure, 45 lb.; revolutions, 60 
per minute ; grate surface of boiler, 1 5 square feet ; heating ditto, 
203 square feet; tubes (63) 6 ft Jong, 2 in. diameter; bore of 
pump, 1^ in.; 20 in. atrcke; connecting rod, 5 ft.; slide lap, 
l].| in. ; lead, /^ in. ; travel, 3 j in. ; cut off at 78 of stroke. 

The gates are each hung by five hinges fixed to the end trana- 
3 girder, one being at each end in the rebate on the main 
eder, and the others opposite each longitudinal girder. At each 
) the web plates are cut away for 2J in, height, ao as to 
ir of play, and the . bottom pla tea and angle irons discontintied 
ll either aide of each hinge a acilid plate diaphragm is fitted in 
B trough, and aecnred in the box by an angle iron 2} in. x 2 J 
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in. X f^g in., carried round it, and jointed and covered in the 
centre of its height. The long spaces butween the diaphtagmt 
lire caulked and mode air-tight in order to float the gate in rising. 
Eikch compartment of the caiseon is furnishod with two hasg 
screw valves, the lower 8 in. in diameter, placed oa the outside 
of the gate, and the upper 4 in. in diameter, on the iosida 
These valvea cocBtititte outlets or iuleta for air or water as msj 
be requisite. When the water haa been excluded from the two 
end compartments of the dock, the excess of flotation thus pro- 
vided will be more than counterbalanced, and the gate made to 
eink in the water by iron kentledge added to the outer edge of 
the top plate. The hinges are made of malleable cast iron and 
the pin of wronght iron, 4 in. in. diaroeter. Each binge is at- 
tached to the gate hy twelve scrcw-holts, each | in. in diameter, 
and the socket attached to the end transverse girder by ox 
similar bolts. The joint of the gate is made water-tight by tlie 
pressure of the inner web plate against a packing of india-rublKi 
continued in one sheet round the end of the dock. This rubber 
is attached to a timber packing, which is secored by two linw 
of screw bolts, | in. in diametfir and 1^ in. pitch, to the flush 
surfaces of the bock of the rebate at the «nd of tbe dock. The 
top of the outer edge of the gate carries a piece of timber i 
in. X 3 in., as a cushion or padding. The gate, when hori- 
Kintal, will rest on five wrought-iron brackets each 8 ft. G ia 
long, attached to the end transverse girders in a line with the 
hinges and longitudinal girders. The gate is pulled up bj t 
chain attached to a gusset piece at each end, which is formed ol 
two rows of 2J in. x 2^ in. x ^f in. angle iron, surrounding a 
plate 2 ft. 6 in. high, 2 ft, wiile at bottom, and 6J in. at top. 
The two shackle holts for attachment are each 1 in. in diameter, 
fixed to the flange of the angle iron at the top. The gate will 
be closed by chains made of | in. round iron, attached at each 
end as before described, and worked at the other end by double- 
purchase crabs, each crab being capaHe of lifting ten tons. The 
dock will be secured in the Indus by two mooring chains, one on 
either side the how; each chain being 60 fathoms in length, 
made of 1| in. iron, attached at the up-stieam end to the wrought 
iron shaft of a cast iron screw mooring of 4 fL diamet^ir in the 
■crew. The end of each chain terminates in a bridle or double 
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chain, the ends of which will be attached to opposite sides of the 
bow. 

The hollow bulwarks or sides of this dock have suffiuienl dis- 
jilacemeat to support the whole of its own weight, with its steam- 
eugines, workshops, &o., at an iuimeraion of from 3 ft. to 4 ft, less 
than the total depth of the sides, and nutwithatandiDg that water 
is admitted to the central part or compartments in the bottom, 
when the caisson gate at the end is closed with a vessel inside, 
and the water pumped out; the floaticg power thus obtained 
raises the dock np against the keel of the vessel to be repaired. 

Yalves ace provided in each compaitment, so that when the 
vessel is to be undocked the water is admitted by them, and the 
dock sinks to the depth due to its weight as compared with the 
displacement due to the immersion of the sides, as can be regu- 
lated at pleasure by admitting water into special compartnients of 
the sides, and the gate thea allowed to open by turning round on 
its hinges until it becomes on a line with the floor of the pontoon, 
in which position it is retained by the excess of its own weight 
over its flotation. 

The dock, as we before stated, is provided with Gwynne's patent 
centrifugal pumps, two in number, each of wliich will be cap- 
able of discharging 6,000 gallons of water per minute. The 
arrangement of pipes and pumps is eixtremely simple. 

There is one pump, with its system of pipes, on either aide of 
the dock. These pumps are constructed with a double suction, 
by which means a perfectly straight suction has been obtained. 
From the main pipe three inlets branch oS on one side and two 
on the other side of the pump. The inlets have conical mouth- 
pieces, and can be closed by sluice valves. The branches curve 
gradually into the main pipe in order to redi 
much as possible. The diameter of the inlet branches 
as is also the outer part of the main pipe, but gradually 
to 14 in. at the second branch. From the tliird branch to the 
pump the diameter of the main pipe is 15 in., and the diameter 
of the discharge bend 18 in. The most striking feature of this 
pumping machinery is its simpUcity, and the circumstance that 
ail self-acting valvefi, which invariably increase the resistance 
siderably, have been avoided. 

Should it be necessary to stop the pumps when the discht 
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opening is already above water it can be done readily, either by 
closing the discbarge opening or all the sluice valvea A saving 
of two feet of lift and a proportionate amount of power could have 
been effected, we imagine, if the pumps had be^n placed on the 
bottom of the dock, which in this case, however, Mr. Bidder could 
not manage. 

We have examined this dock during the progress of its con- 
struction, and we are able to state that the workmanship is ex- 
cellent, and reflects much credit on Messrs. Jones and the con- 
tractors." 
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MANY ARE NOW AT WORK IN 

LONDON, BIRMINGHAM, LIVBRPOOL, MANCHBSTBE, 

AND VAEIODS OTHfiR PABIS OF BtieLANP, AS WBLL AS ABROAD, 



ADVANTAGES:- 



Farfact Safety from Biploaion. 
Boonomj of Fuel uid CoiiBani[itian 



S&ving of Coat uid Time in S 



Can be filed in plsc 
to CoraiBh Boifera. 
High ProBSQre and Dry Stesm with 

perfect Safetj. 
No Leatj Joints. 

Perfeot Circulation, oonseqiientlj 
little or DO lacrustation. 
; weighed, J. & F. Howard's Boiler! 
will bo found to be tlie Clieapest and Best over produced, 

Howard's Patent Safety Boilers are in constant use for 
the following purposes :— 

BREirBaiE9 I Floor Uills I IirDioo Wokes I PAPBa Woees 

CnEDiaii. Works Foriioe WonEs Irjis Worbs Pkimtiho Wobes 

Cotton Factoribb FonimRiES MAJinns Works Saw Mills 

Fark Maohinrht I SAa Wobes | Oil Mills | WAREnooBES, rtc. 

Intending purdiaserB can be referred to many in carious parts of the 
^ Kingdom who are using them wiih great advantage. ■■" 



IKingdo 
These Boiler: 
& F, HO' 
A complete Ho 
J.AF.B 



and Inbes taken fioi 



& F. HOWARD, BRITANNIA IRONWORKS, BEDFORD. 

iplece Model and a specimsn set of Tubes can tlso be seen al 
J. *F. Howard's Londoh Offics, 4CViBa^\4R, ^Cl.^ 
three doors Crotn St, ?aaVa. 



FABSONS' 

PATENT STEAM BOILER CRADLE SETTING. 




\<linii,'Mied on mxU pag*. 



By this moJe of aetting Boilera the freest inspectian of all the parts is 
B^uitUd, so that all lesksgea^ cracks la angle iron, plates, and aeamE, 
id corrosion of parts, can be certunly anil quiukly detecteiL The boiler 
•rtiiHUy ia set in a hot-ur chamber, and all the parts are acted eqnally 
pon by the fire and heated gaaas. The sq^ualitj of expansion, thus to a 
urge extcmt aecnied, ia also further attained b; setting the BoQer on 

rollets " and "' cradles," which keep it lu a perfectly horizontal position, 
"ithout the poitsibililj of being struiued by the giving way of the brick- 
•ork, which is a fret[aent cause of starled rirets. 

For a full Description, with IIlustratioiiB, see Volume of Emginebrinu 

'acts and FiGURES FOR 1888, 

And for PaiCEs,— application to be made to the Pate>tee, 
W. H. PARSONS, C.E., Port Tennant, Swansea, 



^^cL f 



PARSONS' PATENT SAFETY VALVE. 

The liluattation will aiplaiu the construction of 
this valte. It covets the oriflca by a sphurical face 
and is oonfiued in a scroll-like form in saution 
. ., aitending over the flanges projecting from the 
body of the valve, leaving a vaolted-Iikc recess from 
2 to 3 inthes sneireling the whola of the valve and 
outwards to ths angle of 00°, which, meeting, would 
\ cone above iho centre of tbe valve. It will 
a from the aimesLBd sketch that this valve is 
kept incoBtas'twithaverrsniallsarface of the seat- 
ing, by weights, d, hanging in the interior part of 
the dome e, on a spindle passing thrau;;h the valvr 
a braaa nut on the top c ; any additional weight- 
ing is quits impossible by the person in cbarge of 
■lit boiler, end the valve cannot atiek or be impeded from lifting by be- 
=^>TniDg jammed, as it simply sits on a. knife-like edge. The next advantage 
viaing from the vaulted formation of the valve is, that tJie steam, iii 
Issuing twtwecn the points of the seating, is directed downwards, and by 
the shape of the outer edge of the valve being at the angle of 60°, the 
^eam iiauea forth in the shape of a large cone whose base is the domo, aud 
ttio frustrum is the centre of the valve. Now the recoil caused by the 
'olume of atmospheric air being displaced by tha steam pressing down- 
'ards, will clRciantly lift the safety- vaJvo to the requirement of the pro- 
Auction of steam in tlie boiler. And so well Las this system proved itn 
tBIciency, that, in every tuatance where a safety-valve has been ereet»l, it 
his been found invariably to relievo itself accurately to the gauge under 
trying circumstaneoa where. In the old valve, explosions must have im- 
dmibtedly followed. The acourate action of this valve miut be seen to be 
believed. 

For Prices, —np[ilii:atlon to be naade to the Paientek, 

W. H. PARSONS, C.E, Port Temian.^., %n^XkS.&^ 



7». Bd. lonvd. Z3d 1,000. 

SURENNE'S PRONOUNCING FRENCH-ENGLISH an 
ENGLISH-FHENC'U DICTIOSARY; with the Pronundntio 
bg a diftTfnl iptlUyig. 

SURENNE'S FRENCH-ENGLISH anU ENGLISH FRENCf 
DICTIONARY, without Pronunciatiou. 3s- 6d. 
Sbbbnne's New French Dittlo™™, 2a, 

French ManuiJ and Trnvellpr'a Companion, 3*. 6d, 

Pension's WyiliaqUB. 2 vols., each la. 

Mnliiro'a L'Avnr.^, la. 

MoliWa La Burijeoia Gintiliiamme. la. 

Moliire'a Le Mlaanthrope and Le Mariago Forci, la. 

Voltaire'a Histoiro do ChBrlEs XII., la. 

Voltnira'a KuaaiB soua Pierre le Qrand, S vols,, each la. 

Valtaire'a La Benriade, la. 

A DICTIONARY of the ENGLISH LANGUAGE; coi 

-il idg the Pronunoiatinn, Etymology, and EKpUnation of ill Wodi 
aulliorixed by Eminent Writers. ByALEXANDKB Rbib, LI,D.,lateHNil- 
Maater of the Edinburgh Tn^Iitution. Redtietd to Si. 21aC Edition. 



HISTORY OF KNGLISH LITERATURE 
LiBB of the Origin and Growth of the Enolikh Lanodahs. niiu 
trated by Extraeta. tor the ase of Schoole ami of Private Stndents. \^f 



Ulh Bdilion, 1i. 

ELEMENTS OF UNIVERSAL HISTORY, on u New 
Syatamatio Plan. By Hknby Whii ■^:, B.A., Trinity CoUoge, Caw 
liridRe; M.A. mid Ph. Dr. Hriddbtrg. Parti. Ancient lliatory. Pi^ll 
Hiatory of the Middle Ages. Part 111. Modem Hiatory. For Schoolar-' 
Private Students, The Parts, bach sold separately, 2a. Od. 

THE MANUAL OF COMMERCE; A Compendium of Mer 
cantiie Tables, Weights and Meatnirea, Foreign Exchanzea, Intsnal 
Annuities, Ksveraions, etc ; with Commerciid Forma and a OloaBar;' "^^ 
W. Watkbston, Accountant, Bank of Anstrulasia. lUimed Edit 



This Sdiliim intludeii a roncise daaiption vftKe exiiHn^ Ou/rrat 
■ ■ ' ■ ttaaafiii 



ISgileai, and of the A ccounla and Usages of Uir. Bank of England: alia i 
aeemnl qfthe Mtlric Syateia, vrilJi Hiimgroaa Tablei. 
1 
toil 
P« 



'HE COOK AND HOUSEWIFE'S MANUAL : A Praotie 

System of Modern Domestic Cookety, and Family MaaBgemeDt ; oo 
toining a Comnendinni of French Cooliery, and of Faahionable CoDfeciionary, 
Pnparations for Invalids and Convalescents, a Seleatiun of Cheap IHsbi 
.tB& natneroua naeful MiscoUaneona Rcceipta in the various Branchu - 
l4>om«tiB Economy. By Mistress MARiiAjisr Dodds, of the Cleiknin Inn 
ta. n ._ jjjjj jyjtion. 53. cloth, very neat 

i Xajnlnugh: OLivEa&BaYD. London: Biufkin, MArisiiALn, & 



DB. MERLE D'AIJBIGNE'S HISTORY OF THE BE- 
FORMATION OF THE SIXTEENTH CENTURY. OHvtr 
BoyiTa Bemsed Editions. 

The lAbrary Ediiioa. 5 yo1a. post 8vo, BOs. ; qr 

The One Volame Edition,. 5 Tols. ia 1, 8a. cloth ; or Bs. elogsnt 

THE PROTECTOB : A Visdicatios op Ciiomwell. 3s. 



OCJECT-LESSON CARDS ON THE VEGETABLE 
KINGDOM. Bet of Twenlj in b Boi, £1 1b. 
The design of this Series ia to give a short description of some Fluitu 
■which MB enltivBted for their naeful jiropeitLoa, each tutgect ieing illtairaitd 
foith speciraciis (ftttaehed to the Cards) o/ Uie various objects described, and 
ft^ciiiing in this liupurtnient an interesting Induatrial Museum, which will 
1 .f fonnd of great value in tho education of tha young. 



H 



OW TO TRAIN YOUNG EYES AND EARS. Heing a 
Manual of Object Lessons for IVrests and Teaohbrs. Bj Mahv 
E Ross, Mistress of the Chnrch of Scotland N'ormal Infant School, 
burgh. Third Edition. Is, 6d. 



HOUSEHOLD ECONOMY : A Manual intended fi>r Female 
Training Colleges, and the Senior Classes of Girls' Pchoola. By 
Makgarbt Mabia Gokbok (Miss BrewstBr), Author of " Work, or Plentv 
to Do, and How to Do it," etc. Tenth Thousand, 2fl, 

Edinburgh: Oi.ivbk ANli Boyd. London i SjMPura, MAiiaiiALL, ANn Co. 



DAVIS AND PRIMROSE, 

DUKE STREET, LEITH, N,l 



STEiM ENGINES, 

steam hammers, 
engineers' tools, 

stejvm cranes, 

hydraulic pkesbe8. 

printing machines, 




, tXlUKIN ft ( 

— USD„ , 

, y of P<i^ is UUionl, while at the 

I the cot ii *«rr Bodcntc liir lliis elais of Engine. 
I Than th y'*™ ban bna aGcontelj tested with regard to i 
f<t^ and bwv bna •offieiantl;' long at vork to prora their 
■addEdaner inaU mpects. 
B. D. A Co. hara ntcntlj racceeded in comtmctiDg a nmpl 

e SnyfnWTTny, No. 133, July 17th, 1868), Ie 



ineipcnni 
vhich the 



the affsetiTe 



mpandve CDHSttmptioD of Fad v 



bj eoanomT of PneL 
'Apply ti 

B. DONKIN ft Co., Engineers and Iron-Fonnden, 

B83M0SDSKT, LOSDOS, S.K. 



THK TAXIDERMIST'S MANUAL ; 

Or the sn of preserving objects of Natural Histonr ; hr Captain TaoiiiS 
Bbows, F, I.S , 4c. A dBs.:rtption of, with directions how to nae, tliert- 
miu iciittiimenta requic^tn making coUeotiona of plants and anittiisiii- 
t^nded %-i he preMrvt^l. with 6 p) ites of implementa. Priee &. M. e'olti- 



IRON MAHUFACTtms. 



ThK UANffTACTlTKE OT ISON LV Gb£AT BkITAIS; With nOiarks OH ik 

emplojment of Capital inlronwoTks and Collieries; by Geobok Wilkee. 
Asao. Inst C.E^ Civil Engineei. with lUnsCtaUoDs. One coL M^ 
Price 10s. 

In dolh. UtUrtd cieiiiy llo.pria lit., iclth nwnerout Engrmiiigt, 

AN ELEMENTARY COURSE OF CIVIL ENGINEEUNS. 

BY D. H MAHAN. 



HIW ISITIO!, WITH SUPPLEIEItTABT ADDITIM 

BT PETER BAELOW, F.R.S., F.R.A.S., M.C.P.S. 
This very nsefnl work hss atluined great sale in Ameriua, and the additiani I 
by Professor Bablow make it an excellent manual for architeotnral, i;i 
railroad, and other civil engineering of the present day. 



KORSISQ DBAWrNGS ASB DRSlONa 



ARCHITECTURE AND BUILDING, 

ff|iirttcn (Essngs dh rtlsdibt subjiils. 



TUK dii»f uljJMl of lhi» work ii lo pr««nt to the yonng A' 
tbg intelligent Ituildsr Large Siwle Orx-irinn. cimbling eith< 
a detail pTuni and deaigiia eitending mer Ibe whol" -'- 



na nov nailed for in ever; <leparlinent uF Artihiimtnre mul Building. 
TJifM Dra«ririgs tonsist inainlj if subjecbi — upeciallv desienid or nbtiuned 
rit—bj ArcbitKts imd Eneinerra oraitensio pmctici and nams. Tlw 
iHtea MS 27 iticlias bj ao. Tbej will he monntednith a Rnard; folded ai 

" n 



In number. TbejcumpriteTow'n.Suturb. 

i{ Cgneerwatoriea; Farm ErMtioni; RailiiiiT 

; BridABBj Mnrketa; Uaa and Water Worki; Itlilla; BrewBiies; 

. a; aiidkindred eulijeats Iffiu FiaillUr and rarely given in wnrka ai 

bi all tlien kinds of nork there lios teen pvat praereBa of lata jeare. 
Soma have noier jfet been treated of in wcrks ufthii kind. Rgufe; Floora; 
Shop Fronta Uuildini; ountriviiiiees of remit inrentian ; Work in DrainJRK 
Ventilating, and Henting; and elmilar enbjecCa will alsa be priDtieallr ex- 

Lfi.:..j ;.. .1. — n j^^j^ jf,,. S(jje ia anfllciently large for pracliBai^pui^ 

te one-fburtb one->utb, and Ofti^n one-half full >lh. 
The l^twprasa of tbe work will not it leas important or naet'ul. In 
"iteon libjiTt, eilending over one hundred aiid ninely-lwo pages of laijt- 
imperial rolio. double onlDmne, beaatirDllj printed and nobly illuatratM 
iTiiii wDodeuCa. the Principlea which regolste and apply to all tliese oubjeeu 
and plates are disciused and explained. Tbe Maleriait worked witb are 
deeonbed, and their eoinhinutioii nnd proper nss detailed. The prepaislion 
of WorldnR Orawinna is diacneaed, and tiie nppUcHCioii to Ihein o( Geometri- 
oal prindplea ahown. f>pedbcationa and other Directoriafi to the contractor 

•piWWnlaed. Si.yoltiei preMnling eoonoitiy ivith atrenglh, or with gni 
utility, are particuluriied. And Hnalh, pt»D!iaritiea in the ArchitMtnrr 



t of Europe and of Kurth America are eihibiCed and eiplained. 
1 epKinlity oi the deeigiia sbown there ia, fur the HraC time, i ' 
n in this branch of prac^osl doBi iilerstore provided. Tbe 



^. FULIIHTON ft CO., EDINBURGH «ND LONDON. 



^^H 



NtW EOITIONS OF eTANDARD WORKS. 



vroRKisn PdAwiNdS and desigsb 
MECHANICAL ENGINEERING AND MACHINE-MAKING7 

£fii ffissags on rclntibf Bubjtrts. 



lo fnrnieli tn tbe Sludedt of scientifi 



lonsiat Dt'Stwin Engines, fixed xnd portable : Stuoin Eneins 
im Pumps; Slum Cronga; IroD Work and Iron Fran 
llMhinery of (i«» Works, Bwworioa, ilillB.(bo.; Ajtrii 



llMhinCTT of (ii 
Hid itHcliineB: ' 
Flour Milb: ond Toole, or Maoliui 



I •atei in mecliBnlcsl m 



a 

liinl linplemiflte 
'umps; Coin and 



ncTor jet been ttcatad of in worJcB a! tbia kind. In tbs Tool-iniki)^ 
and CDttinc Ijitbu, mid ilia Borine and FUniDi! 

Tbe S(»le is aulScie: 



Inches bj 20. Tbej- will be mounted w 
and are Siitv in number. 

TUe lilMrpraaa ii net lesanaeiiil n 
extending over one hundred and n' 



loHve. In Ten Esun— 
ind ninelj-t«o papa largest imperii lollo, 

, ^.hilad and richly illnatrnted — the Prindpta, 

Sdentilie and Meeliai^ical, irppiicaiile to tlieae departirients of Kn^neEring 
■iid Maoliine-msking; and to eaoli elaas of Implcraenl, Tool or Uacfaine 
alioirn in Draningi and thia ntiether as respects cunatmction, fiaming. or 
filliiiB-up; are carelnllj explained and sinipllfied. The JIaleriala em- 
plnvM, tiieir qiiaJiLies and the piseeSBes of their mannfactnre, an. with 
more or lesa of dol^iil, dcKiibed. A notice of Jlachinery in UlB EilliLilioa 
of 1862,— taken fron) Reperta bj profeauonal ^entlemea intimatelj ae- 

of anf fet Kiren to Che pubUe — embodies a great amoUDt of detail uaefollo 

In the ipedalitt at the designs ahovn there is, for the flrat thita, a da- 
■liJaratum rn Ihia branch of practical cliisa Utentore provided. Tim valk 
Till tliuB Bupplj instrnctioo and iufonnotion of a kind not Id be met will> 
elSGvnero. 



NEW EDITIONS Of STANDARD WDIIIIS 

TvnJy-fitUf paffu Pf iBtiBTproi, with nwntroua n:oodeitat 

THE SRW GDIIIE TO 

MASONRY, BRICKLAYING AND PLASTERING; 

S^eotttital a«b |ratlital. 



THE KEW GUIEE TO 

CARPENTRY, GENERAL FRAMING, AND JOINERY; 

Jt^coictixal H1I& ^larfical. 

BY EOBERT SCOTT EDRN, ARCHITECT. 

Wrhih the last hw jean in nrii^niil, bold, nnd comprehenure pnctJ 
hta b<«n opened up in Lbe virluus bnaclies uf tba Bciildiug Avis, »i 
.freah adgptntinns c^ maieriali and frith in^nionn ■nnlinnna. Wdt 
■"■ — ''ore whEcli aliall ptesenl these moat teeeiit 
Ml with the peneral priniaples uf Ibeor)" » 
npentiona In these rsspeoMvB branches — •■—' 
tttj M tha proper instraclion of the mai 
Of tlie InaNftw GliIIiES nboye ann 
tliit they bejrin b» treating of the variu 

SIhe operatives in the brauahea of wIhuel kiicjr huthiuj^ tmHL; j^ mt » 
use important to joung men aeekina to qualify thoniBelvea to act ai 
"Clerks of tlie Worka" under Arehitectai proceed tn thoae necfasuirj 1' 

tofio the most recent improvementa In pcactice; and in titeir priiper plscei 
^T« diaaertatlrina upon these principles erf lis Jiad idatca which an 
applicable to all the yarinDS proctsaea troHted of in the cunree oT theat 



Telopmentj, ii 






aalUed 









Fob 






ibitors in the Paris 



£ Won 



^ ihed by a pecnliBT nrruiif^ment. 
CABPBimiT two orii^nal BFCtiiina hnve been derote 

to GEOMKTBIO DKVKLOFBRHTa AND TITH PRACTICAL COKSTBUOTIOK 

STAiRCABKg A^D Haniiiimliho, and in that un MA8ohrt ample apace 
' ■ ■ of the work and iiunioruus plntes are gilen on the important ^ 
s of Tkrba OiiTTA and Akiificial Stone- Wi 



A. FULLARTON & CD.. EDIHGUHBH AND LDNDaN, 



pace in il 

uitde- ^^H 



Ei)c Scottis!) probiient Instttutinn 



.u. 


l'r...i,.,^ 


A-f. 


r-,^.>i„m. 


A,.. 


Pr^ffli..™. 




i- .f. 1 
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:15s., mhieh in other Mi 

To Professional Men 

mid others, whose income is dependent on the 
heaJth and activity, the sysleiu of Assurance js 
— by Premiums ralrielal lo a difinlU term of fiivmfitl. 
shown in the tolloaTug Table or 
PREMIUMS, Payable for Twenty-One Yeaks only 
Far ABsaranee of £100 at DeaUi— with FiofltB. 



AtK. 




Agc- 


FremiKin 
limitcl.c»< 


Ab=. 


NJSr« 


Si 

3(1 




li 


i. .6 . 


43 

4T 
M 








;:«i 



a Premium aT 



I limiiid t0 tvittily-tHtt yearfy Anymmtt — li^e ihus icIictA 
uT KiymeDt befuTe he hu pBscd the prime of llTe— Tot a Pnmlum Krk 

i»-THeP«BiiuBi»nioy ceaseifier7, 14, grolherimmberofyeaw. 
Repeiis, wilh full in/ermalion ai lo ike PmsclPLES iW«' 
Rates, may it had at the fluid Qffin, or at Ihf Bramhts Off" 
^S"*""- JAMES WATSON, ilasasfT- 



Olaegow Office, 67 St. Tinceut Strei 



<c 



c 



